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1.0 Introduction 
 

The Welland River is approximately 135 kilometres in length, and drains a watershed area of 

approximately 880 square kilometres in size. As illustrated in Figure 1.1, the river flows in an 

easterly direction from its headwaters in Ancaster to its historical physical outlet at the 

Niagara River.  

 

The purpose of this study is to establish updated Regulatory floodplain mapping for the 

Central Welland River Watershed, including the Main Branch of the Welland River and 

several tributaries, through detailed hydrologic and hydraulic modelling, and related analyses 

of any flood hazards.   The 100-year flood profile is used by the Niagara Peninsula 

Conservation Authority to regulate development within the floodplain, as mandated by the 

Conservation Authority’s Act. 

 

The stream reaches for which floodplain mapping is required are illustrated in Figure 1.2.  As 

shown, floodplain mapping is being undertaken for the Central Welland River, from the New 

Siphon in the City of Welland to just downstream of Port Davidson.  Mapping extents 

include both the main channel and several tributary reaches with drainage areas greater than 

125 hectares.  The larger tributaries include: 

 

 Drapers Creek; 

 Coyle Creek; 

 Bridgewater Creek; 

 Little Forks Creek; 

 Sucker Creek; 

 Unnamed Creek; 

 Parkers Creek; 

 Black Ash Creek; and 

 Beaver Creek. 
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In addition to the above creeks, portions of several smaller unnamed tributaries draining to 

the Welland River are also included in the study.  Portions of the Tow Path Drain and 

Biederman Drain #1, which discharge to the Old Welland Canal, are also included in the 

study. 
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2.0 Description of the Watershed 
 

As illustrated in Figure 1.1, the Welland River drains a watershed area of approximately 880 

square kilometres in size, from its headwaters in Ancaster to its historical physical outlet at 

the Niagara River.  The upper portion of the river is moderately sloping with relief of 78 

metres over the first 55 kilometres of the river (0.14%).  However, the lower reaches of the 

river, from approximately Port Davidson in the Township of West Lincoln to the Niagara 

River, are extremely flat with only 4 metres of relief over the lower 80 kilometers of the river 

(0.005%).  The streambed profile of main branch of the Welland River is illustrated in Figure 

2.1.  (Perdikaris, 2009). 

 

Main Branch Welland River (Binbrook Dam to New Siphon)
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Figure 2.1 Streambed Profile of the Welland River Main Branch 
 

 

The watershed is characterized by smooth, moderately sloping topography within the 

Haldimand Clay Plain.  The most common soil is clay or clay loam.  Landuses within the 
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watershed are predominantly rural in nature including mainly agricultural uses with some 

scrubland/forest. 

 

Several man-made modifications to the river have significant impacts on the flow regime in 

the Welland River, including: 

 

 The Welland Canal and siphons:  Two inverted siphons have been built to convey 

Welland River beneath the Old and New Welland Ship Canals. These structures flow 

full under pressure and create backwater pools during floods in a manner similar to 

dams. 

 Ontario Power Generation operations at the Niagara River:  Originally, the Welland 

River drained directly into the Niagara River at Niagara Falls. However, its flow is 

now diverted entirely into the Queenston-Chippawa Power Canal. In fact, the lower 

portion of the Welland River now flows in reverse, drawing Niagara River water to 

the Power Canal.  Fluctuations in water levels in the Niagara River due to the Ontario 

Power Generation operation can produce backwater conditions up to some 65 

kilometers along the low-gradient lower reaches of the Welland River (Perdikaris, 

2010). 

 Binbrook Dam and Reservoir:  This structure was constructed by the Niagara 

Peninsula Conservation Authority in the headwaters of the Welland River for flood 

control and flow augmentation purposes. 

 
Together, the above characteristics make the Welland River a very complex hydraulic 

system. 
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3.0 Data Collection and Background Review 
 

Background mapping and data was provided by NPCA including: 

 

 current NPCA digital elevation data; 

 orthographic image data;  

 soils mapping;  and 

 landuse mapping. 

 

3.1 Previous Studies 

 

Several historical reports dealing with the hydrologic and hydraulic characteristics of the 

Welland River were reviewed.  

 

Welland River Study (Canada/Ontario Flood Damage Reduction Program), Dillon, 

1985. 

 

For this study, a hydrodynamic model was developed for the Welland River and flood 

profiles were defined for the 100-year and Hurricane Hazel flood events from Wellandport to 

the Niagara River.  The study applied the Dynamic Wave Operational Model (DWOPER) 

which is suited to compute flows and water levels in flat river systems and to analyze 

fluctuations in flows and water levels.  The study also identified flood-vulnerable areas and 

investigated remedial measures to relieve flooding. 

 

Watershed Flood Damage Assessment Study (Canada/Ontario Flood Damage 

Reduction Program), Cumming Cockburn Ltd., 1988. 

 

For this study, hydrologic and hydraulic assessments were undertaken to define floodprone 

areas in several watersheds within NPCA’s jurisdiction.  Within the Welland River 
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watershed, the Oswego Creek, Beaver Creek, and Drapers Creek tributaries were 

investigated.  The study also undertook a flood damage assessment and recommended 

remedial flood measures. 

 

Watershed Hydrology Study, Marshall Macklin Monaghan 1989. 

For this study, a new hydrologic QUALHYMO model was developed and quasi-calibrated 

using the upper 218 km2 drainage area and Water Survey of Canada streamflow gauge 

records at Caistors Corner. The study included flood frequency analyses and flood flow 

estimates at key locations within NPCA-area watersheds, including the Welland River and its 

tributaries. 

 

Binbrook Dam, Probable Maximum Flood – Dam Break Analysis and Inundation 

Mapping, Klohn Crippen, 2004. 

This study provides details on the hydrology and hydraulics of the Binbrook Dam.  The study 

estimates the probable maximum precipitation (PMP) and corresponding probable maximum 

flood (PMF) at the dam.  In addition, a dam break analysis was undertaken and the resulting 

flood hydrograph was used to model and map potential flood inundation downstream of the 

dam. 

 

Welland River Water Level Fluctuation Study, Philips Engineering Limited, 2004. 

This study looks to evaluate opportunities to either mitigate the power generation impacts of 

the water level fluctuations on the Welland River ecosystem, and/or moderate the 

extent/significance of the water level fluctuations.  The study applied the MIKE-11 hydraulic 

model to assess the fluctuations.  The study also documented typical river cross-sections 

including the bathymetry of the Welland River. 

 

3.2 Hydrologic and Meteorological Data 

 

Meteorological data and hydrologic data, including streamflows and water levels, were 

obtained for use in this study.   
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There is one long-term streamflow gauge in operation on the Welland River.  The gauge is 

located just upstream of the Central Welland River study area near Church St and is operated 

by the Water Survey of Canada under the name “Welland River below Caistors Corners”. 

The streamflow gauge has a contributing drainage area of approximately 230 km2 and has 

been in operation since 1957.  Another WSC gauge is currently in operation on Oshwego 

Creek, a tributary of the Welland River, but outside of the Central Welland River study area. 

 

Due to the backwater effects from the power generation operations at the Niagara River, 

there are no streamflow gauges located within the lower reaches of the Welland River.  

However, a water level monitoring gauge is in operation within the Central Welland study 

area at the Old Siphon.  

 

Information from the two streamflow gauges and the water level gauge were obtained for use 

in the calibration of the hydrologic and hydraulic models.  In addition, hourly rainfall data 

was obtained for four rain gauges in the vicinity of the Welland River watershed including:  

 

 Hamilton Airport; 

 Vineland RCS; 

 St. Catharines Airport; and 

 Port Colborne. 

 

The use of the above data in the model calibration is discussed further in Section 4.2.2. 
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4.0 Hydrologic and Hydraulic Modelling 
 

This section outlines the hydrologic and hydraulic model setup and results, including 

estimated flow rates and flood profiles for the study area watercourses. 

 

4.1 Model Selection 

 

Typically, open channel flow calculations and modelling are based on the assumption of 

steady state flow.  However, the unique characteristics of the middle and lower portions of 

the Welland River are better suited to a model which can simulate unsteady flow conditions 

for a number of reasons, including: 

 

 the extremely low gradient in the lower portion of the river; 

 the vast storage potential of the river; and 

 the potential for abrupt changes in flow due to hydro-electric gate operations and flow 

regulation. 

 

In 1985, Dillon Engineering developed an unsteady state hydraulic model using the Dynamic 

Wave Operational Model (DWOPER) for the lower reaches of the Welland River.  The 

DWOPER model was found to be more suitable than traditional steady state models for 

estimating flood levels along the lower part of the Welland River, primarily due to backwater 

effects from the hydro-electric operations on the Niagara River. 

 

Near the outset of the current study, discussions were held between the Study Team and 

NPCA and, due to the unique characteristics discussed above, it was determined that the 

Main Branch of the Welland River would be modelled separately from its tributaries: 

 

 For the Main Branch, the FLDWAV model was applied to estimate water surface 

profiles resulting from flows developed through an SCS/linear reservoir spreadsheet.  

FLDWAV is a one-dimensional unsteady state hydraulic model based on its 
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predecessor, DWOPER, which was used in the 1985 Dillon Engineering study for the 

Welland River. 

 

 For the tributaries of the Central Welland River and tributaries of the Welland Canal 

within the study area, the U.S. Army Corps of Engineers’ HEC-HMS hydrologic 

model was applied to estimate flood flow rates.  A steady state hydraulic analysis was 

then applied using the HEC-RAS hydraulic model to estimate water surface profiles 

(Section 4.3). 

 

4.2 Modelling for the Welland River Main Branch 

 

The analysis and modelling for the Main Branch of the Welland River is outlined in detail 

under separate cover, in a report by J.Perdikaris, P.Eng., an expert on the Welland River 

watershed and PhD. candidate at the University of Guelph Ontario.  The findings from the 

report, entitled “Floodline Mapping Study of the Main Branch of the Welland River 

Watershed: Hydrologic Characterization”, are summarized below.   

 

4.2.1 Main Branch Model Setup 

 

A spreadsheet-based hydrologic model was used to estimate runoff from the major tributary 

systems and subcatchments of the Welland River.  The model uses the Soil Conservation 

Service Curve Number Method (SCS – CN) to estimate runoff response from rainfall inputs 

and linear reservoir method for routing.  The Welland River watershed was subdivided into 

20 sub-basins.  Drainage basins were delineated at points of interest using GIS mapping.  

Physical and hydrologic/hydraulic basin parameters used in the model setup include: 

 

 SCS curve numbers, estimated using the Ontario Flow Assessment Technique Model 

(OFAT); 

 percent impervious, estimated to be 1% for the Welland River watershed; 

 overland flow lengths and slopes, as determined from NPCA’s GIS mapping. 
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 initial rainfall losses, estimated to be 2mm for pervious surfaces, and 1mm for 

impervious surfaces; 

 Manning’s “n” roughness values were estimated at varying flow depths along various 

reaches of the Main Branch.  In general, values ranging from 0.025 to 0.040 were 

applied for the main channel and values ranging from 0.055 to 0.060 were applied for 

the overbanks; 

 Unit hydrograph time-to-peak values were estimated to be: 

 Tp = 0.6 Tc 

 - where Tc is the time of concentration: 

 Tc = L / V 

 - where L is the flow length, and V is the flow velocity.  Average velocities were 

estimated from recorded runoff hydrographs at the Water Survey of Canada 

Streamflow Gauge below Caistors Corners.  The average velocity of the reviewed 

runoff events for the Welland River was found to be approximately 0.43 m/s. 

 

The corresponding Welland River FLDWAV hydraulic model was setup to receive the lateral 

input hydrographs from the hydrologic model.   The FLDWAV model was setup as follows: 

 

 a series of channel cross-sections for the Welland River Main Branch were defined 

from a combination of topographic basemapping and available bathymetry 

information (Philips, 2004); 

 rating curves for the Binbrook Dam, Old Siphon and New Siphon structures were 

used to define upstream and downstream boundary conditions; 

 bridge structures were also coded into the FLDWAV model as internal boundary 

conditions.  

4.2.2 Main Branch Model Calibration  

 

Calibration of the Welland River FLDWAV model was undertaken through a comparison of 

simulated hydrographs and observed hydrographs at two locations: 
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 the Water Survey of Canada gauge at Caistors Corners (streamflow gauge); and 

 the Welland River upstream of the Old Siphon (water level gauge). 

 

A series of rainfall-runoff events from 2000 to 2004 were selected for calibration.  Hourly 

streamflow and water level data was obtained from Water Survey of Canada and NPCA for 

the above-noted gauge locations.  Hourly rainfall data was also obtained for four rain gauges 

including Hamilton Airport, Vineland RCS, St. Catharines Airport, and Port Colborne.  The 

events selected for calibration include: 

 

Flow hydrograph calibration (Caistors Corners gauge): 

 April 20-22, 2000 

 May 13-15, 2002 

 November 28-30, 2003 

 May 23-25, 2004 

 

Water level calibration (Old Siphon gauge): 

 May 13-15, 2002 

 May 23-25, 2004 

 

The events were selected on the basis that they were found to be uniform across the 

watershed and not isolated to one region. 

 

Model parameters were adjusted until a reasonable calibration was achieved.  Illustrated in 

Figures 4.1 through Figure 4.6 are the results from the model calibration.  As shown, the 

FLDWAV model provides a reasonably accurate estimation of flows and water levels. 
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Figure 4.1: Streamflow Calibration: April 20-22, 2000. 

 

Figure 4.2 Streamflow Calibration: May 13-15, 2002. 
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Figure 4.3 Streamflow Calibration: November 28-30, 2003. 

 

Figure 4.4 Streamflow Calibration: May 23-25, 2004. 
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Figure 4.5 Water Level Calibration: May 13-15, 2002. 

 

Figure 4.6 Water Level Calibration: May 23-25, 2004. 
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4.2.3 Main Branch Design Flows 

 

The calibrated model was then used to estimate peak flows from a series of design storms.  A 

96-hour duration and Keifer & Chu Chicago storm distribution was used to develop 2-year 

through 100-year design storms.  The 96 hour duration was selected to ensure that all points 

within the Welland River watershed would be contributing to the peak flow rate at the outlet.  

Intensity-duration-frequency (IDF) data from the Hamilton Airport, Vineland RCS, St. 

Catharines Airport, and Port Colborne rainfall gauges were used to develop the design storms 

for application over the Welland River watershed.  Total rainfall volumes are provided in 

Table 4.1. 

 

Table 4.1:  96-hour Rainfall Volumes for the Welland River Watershed 

 

Return 
Period 

Volume of 
Rainfall (mm)

2 71.7 

5 92.6 

10 106.5 

25 120.5 

50 136.8 

100 149.8 

 

 

The above design storms were applied using the calibrated model.  The resulting design flow 

estimates for the 2-year through 100-year storms were compared with corresponding return 

period flows derived from a flood frequency analysis of the streamflow records at the Water 

Survey of Canada Caistors Corner gauge.  The results of the comparison are given in Table 

4.2.  As shown, the modeled results can be considered representative of the observed flows at 

this location. 
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Table 4.2: Comparison of Modelled and Observed Flood Frequencies at Caistors 
Corners Streamflow Gauge 

 

Return Period Observed Flood 

Frequency Curve of 

Welland River at Caistors 

Corners Gauge (m3/s) 

Modelled flow between 

Highway 14 (Warner) and 

Church Road (m3/s) 

2-year 49 54 

5-year 65 72 

10-year 75 83 

20-year 85 93 

50-year 97 102 

100-year 106 109 

 

 

The calibrated model was used to estimate peak flows at key locations over the Main Branch 

of the Central Welland River study area.  Summarized in Table 4.3 are the estimated design 

flows at the “flow node” locations illustrated in Drawing 4.1 (provided at the back of the 

report).  The modelled flows are also compared with estimates from previous studies (Dillon, 

1985 and MMM, 1989).  As shown, the modelled flows were found to be within 

approximately 20% (or less) of the flow estimates from the 1985 Dillon Study, and 

somewhat lower than those from the 1989 MMM study.   

 

4.2.4 Main Branch Flood Profiles 

 

The unsteady state FLDWAV model was also used to determine the 2-year through 100-year 

flood profiles for the corresponding design storms over the Main Branch of the Welland 

River upstream of the New Siphon.  The resulting flood elevations for the Main Branch are 

summarized in Appendix A.  Table 4.4 compares the predicted 100-year flood elevations 

from the FLDWAV model with estimates from the DWOPER model used in the previous 



Drainage Area

FLDWAV / HEC-HMS Ref.* MMM ('89)**
HEC-RAS 

Reach
HEC-RAS X-

Section#
(km2) MMM ('89)** Perdikaris ('10)* MMM ('89)** Dillon ('85)*** Perdikaris ('10)* MMM ('89)** Dillon ('85)*** Perdikaris ('10)* MMM ('89)** Dillon ('85)*** Perdikaris ('10)* MMM ('89)** Dillon ('85)*** Perdikaris ('10)*

New Siphon WR-7 200007 CWR-1 5171 862.9 150 137 209 181 247 210 281 241 356 287
Old Siphon WR-8 (Outlet1) 200008 CWR-1 5390 857.7 150 133 209 170 175 246 195 204 281 225 233 356 275 275
d/s of Drapers Creek WR-9/DRC-1 (J2408) 300009 CWR-1 6712 852.8 150 125 209 166 246 192 281 216 356 253
u/s of Drapers Creek WR-9 (200009) 200009 CWR-2 305 843.9 149 124 208 166 245 192 279 216 353 252
d/s of Coyle Creek WR-10/CC-1 (J2393) 300010 CWR-2 1125 842.8 149 124 208 165 245 191 279 216 353 252
u/s of Coyle Creek WR-10 (200010) 200010 CWR-4 476 802.2 147 119 204 159 240 182 274 203 346 237
d/s of Biederman Drain#2 BD2-1/WR-12 (J2680) 300012 CWR-4 851 800.9 147 119 204 159 240 182 274 203 346 236
u/s of Biederman Drain#2 WR-12 (200012) 200012 CWR-4 1247 789.1 144 119 201 159 237 182 269 203 341 236
O'Reilly's Bridge WR-13 (J2674) 200013 CWR-4 4219 783.0 144 118 201 155 158 236 175 181 269 205 201 340 245 234
d/s of Central Welland Trib#1 WR-15/CWRT1-1 (J2685) 300015 CWR-4 6937 778.5 144 117 200 157 235 181 268 202 339 234
u/s of Central Welland Trib#1 WR-15 (200015) 200015 CWR-5 592 774.9 143 117 200 157 235 181 267 202 338 236
u/s of Big Forks Creek / CNR WR-16-1 (200016) 200016 CWR-5 2267 603.0 111 97 155 130 183 148 210 158 268 176
d/s of Bridgewater Creek BWC-1/WR-16-2 (J2692) new node CWR-5 2267 602.4 -- 97 -- 130 -- 148 -- 158 -- 176
u/s of Bridgewater Creek WR-16-2 (200216) new node CWR-6 342 599.3 -- 93 -- 125 124 -- 145 141 -- 170 152 -- 205 169
d/s of Central Welland Trib#3 WR-18/CWRT3-1 (J2495) new node CWR-8 4376 573.2 -- 93 -- 123 -- 140 -- 150 -- 167
d/s of Sucker Creek WR-19-1/SC-1 (J2507) 300021 CWR-9 2234 565.5 106 92 147 123 174 139 199 149 255 165
d/s of Central Welland Trib#4 WR-19-2/CWRT4 (J2556) 200021 CWR-10 1768 553.0 104 91 145 121 171 137 196 146 250 162
u/s of Central Welland Trib#4 WR-19-2 200021 CWR-11 346 550.8 104 91 145 121 171 136 196 146 250 162
d/s of Beaver Creek WR-19-3/BCW-1 (J2538) 300019 CWR-11 346 550.4 91 91 126 121 147 136 169 146 249 162
Wellandport WR-20 (200020) 200020 Upper Welland 2977 475.4 92 77 126 102 148 116 168 127 214 142
d/s of Port Davidson Trib WR-35/WR-33 (J2381) new node Upper Welland 8895 470.7 -- 77 -- 101 -- 114 -- 121 -- 137
u/s of Port Davidson Trib WR-35 (200035) 200035 Upper Welland 9354 466.5 88 77 121 102 141 114 161 120 204 137

* J.Perdikaris.  October 2010. "Floodline Mapping Study of the Main Branch of the Welland River Watershed:  Hydrologic Characterization".  Note: Central Welland River Main Branch design flow estimates based on 96-hour Chicago storm.

** Marshal Macklin Monaghan Ltd.  December 1989.  "Watershed Hydrology Study, Volume 4, Hydrologic Modelling".

*** Dillon.  December 2005.  "Canada/Ontario Flood Damage Reduction Program - Welland River Study"

2-year 5-year
Flow Node Peak Discharge (m3/s)

TABLE 4.3:
CENTRAL WELLAND RIVER - MAIN BRANCH

HYDROLOGIC MODEL RESULTS

10-year 25-year 100-yearLocation

HEC-RAS Model Ref.
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1985 Welland River Study by Dillon.  As shown, the predicted 100-year flood levels from 

the FLDWAV model are approximately 0.1m to 1.4m higher than the previous estimates. 

 

Table 4.4:  Comparison of Predicted 100-Year Flood Levels 

Main Branch of the Welland River 

Location 1985 DWOPER Model** 2010 FLDWAV Model* 

Wellandport 175.39m 176.78m 

Boyle Road 175.25m 176.09m 

Becketts Bridge 175.03m 176.04m 

O'Reilly's Bridge 174.81m 175.29m 

Niagara Street 174.14m 174.90m 

Old Siphon 174.01m 174.78m 

New Siphon 173.26m 173.36m 
* J.Perdikaris.  October 2010. 

** Dillon.  December 2005.  

 

The differences in the predicted flood elevations may be attributed to the reported differences 

in modelling techniques, including the following key points (Perdikaris, 2010): 

 

 The current FLDWAV model extents (i.e. from Binbrook Dam to the New Siphon) 

differ from the 1985 DWOPER model (i.e. from Port Davidson to the Niagara River); 

 The current FLDWAV model includes 28 lateral inflows to simulate contributions 

from key tributaries, whereas the 1985 DWOPER model included only 4 lateral 

inflows; 

 The current FLDWAV model uses a 96-hour Chicago storm distribution to estimate 

flood flows and volumes, whereas the 1985 DWOPER model used a 5-day rainfall 

plus snowmelt event; 

 The previous 1985 DWOPER model included input hydrographs from an older 

HYMO model which performed channel routing using the variable storage coefficient 

method.  The current FLDWAV model uses dynamic wave routing throughout the 

Main Branch. 
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4.3 Modelling for the Welland River Tributaries and Welland Canal Tributaries 

 

4.3.1 Tributary Hydrologic Model - Setup and Adjustment 

 

Hydrologic modelling for the Welland River Tributaries and Welland Canal Tributaries was 

undertaken using the Hydrologic Modelling System (HEC-HMS) model, developed by the 

U.S. Army Corps of Engineers.  The model can be used to generate runoff from single and 

continuous rainfall events.  Subwatersheds were delineated for the hydrologic model in a 

manner that would provide flow estimates at similar locations to the flow nodes from the 

1989 Watershed Hydrology Study.  Drawing 4.1 (provided at the back of the report) 

illustrates the subwatersheds and flow node locations for each of the watersheds.  Hydrologic 

model parameters were derived as follows:  

 

 a composite impervious cover component was derived for each model catchment 

from GIS mapping supplied by NPCA (Figure 4.7).  Impervious categories provided 

in the database included: 

 

0% - for open / rural / agricultural cover; 

50% - for urban development; 

100% - for road surfaces. 

 

 a composite SCS Curve Number (CN) value was derived for each model catchment 

from Curve Number mapping provided by NPCA.  For the Beiderman Drain No. 1 

catchment, the initial Curve Number estimates were refined to account for the unique 

soils found in the Wainfleet Bog (Figure 4.8).  Following discussions with NPCA 

staff, the initial CN value for this area was adjusted downward from approximately 74 

to 50 to account for the low-runoff characteristics of the peat overburden. 
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 initial rainfall losses were set to be consistent with the FLDWAV modelling for the 

Welland River Main Branch (Section 4.2.1): 

IA = 1mm for impervious surfaces; 

IA = 2mm for pervious surfaces. 

 

 catchment lag time was estimated using the SCS lag equation: 

lag = (L0.8) x (S+1)0.7 / 1900 x Y0.5 

 where S is soil storage, L is the catchment length, and Y is the catchment slope. 

 

 channel routing was performed with the Muskingum-Cunge method, using 

representative channel cross-sections, and Manning’s “n” values of 0.035 and 0.075 

for channel and overbank roughness, respectively. 

 

Hydrologic model parameters for the Welland Tributary subcatchments are provided in 

Appendix B.   

 

The “base” HEC-HMS hydrologic model for the Welland Tributaries was then adjusted so 

that the HEC-HMS model results were reasonably consistent with the results from the 

calibrated model for the Main Branch at the Caistors Corners streamflow gauge.  The same 

96-hour Chicago design storms used to model the Main Branch were used to make this 

comparison.  Parameter adjustments made to the HMS Tributary model include the 

following: 

 

 initial lag time estimates were adjusted by a factor of 2.1; 

 Manning’s “n” values were adjusted by a factor of 2.0. 

 

Similar adjustments were applied in the 1989 Watershed Hydrology Study (MMM) to 

achieve reasonable calibration/verification results.  Table 4.5 compares the predicted HEC-

HMS Tributary model results with the results from the calibrated model for the Main Branch 

and with the observed flood frequency at the Caistors Corners streamflow gauge location.  
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As shown, the HEC-HMS Tributary model results are within approximately 10% (or less) of 

both the Main Branch model results and the observed flood frequency at this location. 

 

Table 4.5:  Comparison of HEC-HMS Tributary Model Results 
 

Return Period Observed Flood 

Frequency Curve of 

Welland River* (m3/s) 

Modelled Flow (m3/s) 

Main Branch 

Model** 

HEC-HMS 

Tributary Model*** 

2-year 49 54 47 

5-year 65 72 65 

10-year 75 83 77 

20-year 85 93 93 

50-year 97 102 106 

100-year 106 109 118 

* based on streamflow gauge data from 1958 to 2007 (Water Survey of Canada gauge Below Caistor Corner - 

No. 02HA007). 

** Main Branch model results at Church Road (Perdikaris, 2010) 

*** Tributary model results upstream of Church Rd. 

 

 

4.3.2 Tributary Hydrologic Model - Peak Flow Estimates 

 

A design storm approach was selected to estimate peak flow rates for the 2-year through 100-

year return periods on the Welland River Tributaries and Welland Canal Tributaries within 

the study area.  With a design storm approach, a rainfall input (i.e., duration, return period 

depth, and temporal distribution) is selected and design flows are determined using specified 

antecedent moisture conditions and a computational technique (such as a hydrologic model).  

It is assumed with this approach that peak flows which are generated are of approximately 

the same return period as the applied design storm. 
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A 12-hour AES storm distribution was provided by NPCA for use in the HEC-HMS model 

for the Tributaries.  The 12-hour duration is considered reasonable given the size, travel time, 

and predominantly rural nature of these subwatersheds.  Design storm depths were derived 

from an IDF curve generated by averaging IDF values from a set of four rain gauges 

throughout the Welland River watershed.  The modelling for the Welland River Main Branch 

used rainfall statistics from the Hamilton Airport, Vineland RCS, St. Catharines, and Port 

Colborne rain gauges distributed over the Welland River watershed to derive an Average 

Welland River IDF curve (Perdikaris, 2010).  The following12-hour rainfall depths were 

applied in the HEC-HMS model for the Welland River Tributaries: 

 

 2-year:  42mm 

 5-year:  56mm 

 10-year:  64mm 

 25-year:  75mm 

 100-year:  92mm 

 

Hyetograph information is provided in Appendix C. 

 

Summarized in Table 4.6 and Table 4.7 are the estimated design flows at the “flow node” 

locations illustrated in Drawing 4.1 (provided at the back of the report).  The modelled flows 

are also compared with estimates from previous studies (CCL, 1988 and MMM, 1989), 

where available.  In general, most of the modelled flows were found to be higher than the 

previous estimates, particularly for those locations with smaller drainage areas. 

 

Further comparison of the hydrologic parameters used in the current study and the 1989 

MMM study was undertaken.  The following factors were found to contribute to the 

increased design flow estimates between the two studies: 

 

 The drainage areas used in the current study were found to vary slightly from the 

1989 Study: 

o Beaver Creek +13% 



Drainage Area

HEC-HMS Ref.* MMM ('89)**
HEC-RAS 

Reach
HEC-RAS X-

Section#
(km2) MMM ('89)** CCL ('88)*** Aquafor ('10)* MMM ('89)** CCL ('88)*** Aquafor ('10)* CCL ('88)*** CCL ('88)*** Aquafor ('10)* MMM ('89)** CCL ('88)*** Aquafor ('10)* MMM ('89)** CCL ('88)*** Aquafor ('10)*

Beaver Creek
u/s of Welland River Main Branch BCW-1 (217001) 217001 BCW-01 1697 72.8 21.9 13.4 15.2 30.5 22.0 27.6 35.9 26.5 31.9 41.0 30.8 41.6 52.2 41.6 57.0
d/s of Unnamed Creek East BCW-2/UCE-1 (J2532) 317002 72.0 21.7 16.2 30.2 30.1 35.6 34.5 40.7 44.9 51.8 62.1
u/s of Unnamed Creek East BCW-2 (217002) 217002 BCW-02 3086 59.0 18.2 15.4 25.6 26.9 30.3 30.5 34.7 39.0 44.6 52.8
d/s of Parker Creek BCW-3/PC-2 (J2461) 317034 57.7 18.1 17.6 25.3 31.0 30.0 35.3 34.4 45.3 44.2 61.4
u/s of Parker Creek BCW-3 (217003) 217003 BCW-03 1972 36.8 11.7 9.1 16.5 15.5 19.6 17.5 22.6 22.0 29.2 29.8
d/s of Baldwin Road BCW-33/BCW-4 (J2464) 317004 35.5 11.5 9.4 16.3 15.9 19.4 18.0 22.4 22.5 29.0 30.0
d/s of Baldwin Road BCW-4 (217004) 217004 BCW-03 3012 34.4 11.4 9.4 16.2 15.8 19.3 17.8 22.2 22.3 28.8 29.9
d/s of Black Ash Creek BCW-5/BAC-3 (J2581) 317005 34.1 11.4 9.5 16.1 16.0 19.2 18.0 22.1 22.5 28.7 29.9
u/s of Black Ash Creek BCW-5 (217005) 217005 BCW-04 2608 21.9 6.7 5.6 9.5 9.7 11.3 11.0 13.0 14.2 16.8 19.6
Krick Road BCW-6 (217006) 217006 BCW-04 7033 20.5 6.5 5.7 9.2 9.9 10.9 11.2 12.6 14.6 16.2 20.1
d/s of confluence with East Branch BCW-10/BCW-7 (J2593) 317010 16.1 6.1 6.3 8.5 11.0 10.1 12.6 11.6 16.5 15.0 23.0
u/s of confluence with East Branch BCW-10 (217010) 217010 BCW-06 1256 12.1 5.7 4.1 8.0 7.2 9.5 8.2 10.9 10.8 14.0 15.1
tributary to the West Branch BCW-12 (S117012) 117012 BCW-07 1450 2.3 0.7 1.9 1.0 3.1 1.1 3.5 1.3 4.4 1.7 5.9
West Branch d/s of tributary BCW-12/BCW-13 (J2611) 317013 10.9 4.1 5.6 5.8 9.6 6.8 11.0 7.8 14.5 10.1 20.0
West Branch u/s of tributary BCW-13 (217013) 217013 BCW-08 1448 8.7 3.6 4.9 5.0 8.3 5.9 9.4 6.8 12.1 8.7 16.4
d/s of tributary near Conc. Rd. 3 BCW-14/BCW-15 (317015) 317015 7.7 3.3 5.0 4.6 8.5 5.4 9.6 6.2 12.2 8.0 16.4
tributary u/s of Conc. Rd. 3 BCW-14 (S117014) 117014 0.2 0.7 0.1 1.0 0.2 1.3 0.2 1.5 0.3 2.1 0.4
West Branch near Conc. Rd. 3 BCW-15 (217015) 217015 BCW-08 4128 7.6 2.9 5.0 4.1 8.5 4.8 9.6 5.6 12.2 7.2 16.3
confluence of E&W tributaries of West Branch BCW-17/BCW-16 (J2662) 217016 6.2 2.6 4.8 3.7 7.9 4.3 8.9 5.0 11.2 6.4 14.9
West tributary of West Branch BCW-17 (S117017) 117017 BCW-10 2714 4.0 1.6 3.0 2.2 5.0 2.6 5.6 2.9 7.1 3.8 9.4
East tributary of West Branch BCW-16 (S117016) 117016 BCW-09 833 2.2 1.1 1.9 1.6 3.1 1.9 3.5 2.2 4.4 2.9 5.9
East Branch u/s of West Branch BCW-7 (S117007) 117007 BCW-05 1256 4.0 0.9 2.6 1.3 4.3 1.5 4.8 1.8 6.1 2.3 8.1

u/s of Beaver Creek BAC-3 (215003) 215003 BAC-01 3399 12.1 4.8 4.1 6.8 7.2 8.1 8.4 9.4 10.9 12.3 14.6
d/s of tributary near Krick Rd. BAC-4/BAC-5 (J2599) 315005 10.3 4.6 4.3 6.5 7.4 7.7 8.4 9.0 10.5 11.8 13.3
tributary u/s of Krick Rd. BAC-4 (S115004) 115004 BAC-02 881 1.5 0.4 1.4 0.6 2.4 0.8 2.7 0.9 3.4 1.2 4.4
u/s of tributary near Krick Rd. BAC-5 (215005) 215005 BAC-03 3282 8.8 4.4 3.0 6.2 5.2 7.4 5.9 8.6 7.4 11.2 9.3
Port Davidson Rd. BAC-6 (215006) 215006 BAC-03 5064 6.9 3.8 1.9 5.4 3.4 6.4 4.0 7.5 5.4 9.9 8.0
confluence of East and West Branches BAC-8/BAC-7 (215007) 215007 5.2 2.9 3.5 4.1 6.0 5.0 6.8 5.8 8.7 7.6 11.7
East Branch BAC-7 (S115007) 115007 1.1 1.6 0.9 2.3 1.5 2.8 1.7 3.3 2.1 4.6 2.9
West tributary u/s of East Branch BAC-8 (115008) 115008 BAC-03 6063 4.2 1.4 2.9 1.9 4.9 2.3 5.6 2.6 7.1 3.4 9.4
confluence of E&W tributaries of West Branch BAC-9/BAC-10 (J2657) new node 3.8 -- 3.1 -- 5.2 -- 5.9 -- 7.4 -- 9.8
West tributary of West Branch BAC-9 (S115109) new node BAC-04 621 1.8 -- 1.4 -- 2.3 -- 2.6 -- 3.3 -- 4.4
East tributary of West Branch BAC-10 (S115110) new node BAC-05 455 2.0 -- 1.7 -- 2.9 -- 3.2 -- 4.1 -- 5.4

u/s of Beaver Creek PC-2 (217034) 217034 UCW-01 584 21.0 8.4 8.5 11.8 15.6 14.2 18.0 16.4 23.7 21.7 33.0
d/s of Unnamed Creek West PC-3/UCW-1 (J2584) 317027 20.6 8.4 8.5 11.8 15.7 14.1 18.1 16.3 23.8 21.6 33.3
u/s of Unnamed Creek West PC-3 (216003) 216003 PC-01 1562 8.3 3.0 3.8 4.4 6.7 5.2 7.6 6.1 9.8 8.0 13.4
Elcho Rd. PC-4 (216004) 216004 PC-01 3865 7.6 2.8 3.9 4.0 6.7 4.8 7.7 5.6 9.9 7.4 13.5
confluence with tributary d/s of Vaughan Rd. PC-6/PC-5 (J2436) 316006 6.7 2.6 4.2 3.7 7.2 4.5 8.2 5.2 10.5 6.9 14.2
tributary PC-5 (S116005) 116005 0.3 1.0 0.3 1.4 0.5 1.6 0.6 1.9 0.7 2.4 1.0
u/s of confluence with tributary d/s of Vaughan Rd. PC-6 (216006) 216006 PC-01 4781 6.5 1.8 4.2 2.5 7.2 3.1 8.2 3.6 10.4 4.8 14.1
confluence with tributary u/s of Vaughan Rd. PC-8/PC-7 (J2632) new node 6.1 -- 4.6 -- 7.8 -- 8.9 -- 11.2 -- 15.0
tributary u/s of Vaughan Rd. PC-7 (S116107) new node PC-03 1236 2.4 -- 1.8 -- 3.1 -- 3.4 -- 4.3 -- 5.8
u/sof tributary u/s of Vaughan Rd. PC-8 (216108) new node PC-02 1603 3.7 -- 2.9 -- 4.8 -- 5.5 -- 7.0 -- 9.3
Bismark Rd. PC-9 (S116007) 116007 PC-02 3109 2.9 1.2 2.5 1.7 4.1 2.0 4.7 2.3 5.9 3.0 7.8

u/s of Parkers Creek UCW-1 (217027) 217027 UCW-02 2157 12.3 5.5 5.5 7.7 9.2 9.2 10.7 10.6 14.3 14.1 20.1
confluence of East Branch and West Branch UCW-3/UCW-2 (J2623) 317030 11.0 5.1 5.5 7.2 9.4 8.6 10.9 10.0 14.5 13.3 20.3
West Branch u/s of East Branch UCW-3 (217030) 217030 UCW-04 3737 7.2 2.8 3.6 4.0 6.6 4.8 7.5 5.6 9.8 7.4 13.6
confluence of E&W tributaries of West Branch UCW-5/UCW-4 (J2629) 217031 5.1 2.4 3.8 3.4 6.4 4.1 7.2 4.8 9.1 6.3 12.2
West tributary of the West Branch UCW-5 (S117032) 117032 UCW-05 402 1.6 1.0 1.1 1.4 1.9 1.8 2.2 2.0 2.7 2.7 3.7
u/s of the West tributary of the West Branch UCW-4 (177031) 117031 UCW-06 275 3.6 1.4 2.7 2.0 4.5 2.4 5.1 2.8 6.4 3.6 8.6
confluence of the E&Central tributary of West Branch UCW-7/UCW-8 (J2648) new node 3.5 -- 2.7 -- 4.5 -- 5.1 -- 6.4 -- 8.6
Central tributary of the West Branch UCW-7 (S117331) new node UCW-07 383 1.4 -- 1.1 -- 1.8 -- 2.0 -- 2.6 -- 3.5
East tributary of the West Branch UCW-8 (S117231) new node UCW-08 1584 2.1 -- 1.6 -- 2.7 -- 3.1 -- 3.9 -- 5.2
East Branch u/s of West Branch UCW-2 (S217028) 217028 UCW-03 2351 3.8 2.5 2.9 3.4 4.7 4.2 5.3 4.9 6.7 6.7 8.8

u/s of Beaver Creek UCE-1 (217018) 217018 UCE-01 584 13.1 6.6 8.2 9.1 14.0 10.8 15.8 12.4 20.1 15.9 26.9
confluence of East and West Branches UCE-5/UCE-2 (J2553) 317019 12.8 6.4 8.3 8.9 14.2 10.5 16.0 12.0 20.3 15.5 27.1

Unnamed Creek East

Black Ash Creek

Parkers Creek

TABLE 4.6:

Unnamed Creek West

Peak Discharge (m3/s)
2-year 5-year 10-year 25-year

CENTRAL WELLAND RIVER - TRIBUTARIES
HYDROLOGIC MODEL RESULTS

Location

Flow Node HEC-RAS Model Ref.

100-year



Drainage Area

HEC-HMS Ref.* MMM ('89)**
HEC-RAS 

Reach
HEC-RAS X-

Section#
(km2) MMM ('89)** CCL ('88)*** Aquafor ('10)* MMM ('89)** CCL ('88)*** Aquafor ('10)* CCL ('88)*** CCL ('88)*** Aquafor ('10)* MMM ('89)** CCL ('88)*** Aquafor ('10)* MMM ('89)** CCL ('88)*** Aquafor ('10)*

TABLE 4.6:

Peak Discharge (m3/s)
2-year 5-year 10-year 25-year

CENTRAL WELLAND RIVER - TRIBUTARIES
HYDROLOGIC MODEL RESULTS

Location

Flow Node HEC-RAS Model Ref.

100-year

West Branch u/s of East Branch UCE-5 (217019) 217019 UCE-05 1216 7.7 3.6 4.6 5.1 7.9 6.0 9.0 6.9 11.4 8.9 15.3
confluence of E&W tributaries of West Branch UCE-7/UCE-6 (J2626) 317025 7.0 3.6 4.7 5.1 7.9 6.0 8.9 6.9 11.2 8.9 15.0
West tributary of West Branch UCE-7 (S217025) 217025 UCE-07 3656 3.5 1.8 2.3 2.5 3.8 2.9 4.3 3.3 5.4 4.1 7.2
East tributary of West Branch UCE-6 (S217023) 217023 UCE-06 2133 3.5 1.9 2.4 2.6 4.1 3.2 4.6 3.7 5.8 4.8 7.8
East Branch u/s of West Branch UCE-2 (217020) 217020 UCE-02 1382 5.1 3.1 3.8 4.4 6.3 5.3 7.1 6.1 9.0 8.2 12.0
confluence of E&W tributaries of East Branch UCE-4/UCE-3 (J2614) 217021 4.7 2.8 3.7 4.0 6.2 4.7 6.9 5.5 8.7 7.3 11.6
West tributary of West Branch UCE-4 (S117022) 117022 UCE-03 1560 2.5 1.6 1.9 2.2 3.2 2.7 3.6 3.1 4.5 4.1 6.0
East tributary of West Branch UCE-3 (S117021) 117021 UCE-04 1320 2.2 1.2 1.8 1.8 3.0 2.1 3.4 2.5 4.3 3.4 5.7

u/s of Welland River Main Branch CWRT4 (S100021) 100021 CWRT4-01 1081 2.2 1.4 2.1 1.9 3.4 2.3 3.8 2.6 4.8 3.4 6.3

u/s of Welland River Main Branch SC-1 (214001) 214001 SC-01 1593 11.2 4.4 5.2 6.2 8.8 7.3 10.1 8.4 12.9 10.8 18.5
d/s of confluence with tributary d/s of Canborough Rd. SC-1-1/SC-5 (J2596) new node 10.5 -- 5.3 -- 8.9 -- 10.1 -- 13.1 -- 18.6
u/s of confluence with tributary d/s of Canborough Rd. SC-1-1 (214201) new node SC-02 827 8.3 -- 3.6 -- 6.2 -- 7.4 -- 10.0 -- 14.1
Elcho Rd. SC-2 (214002) 214002 SC-02 2444 7.8 4.0 3.5 5.6 6.2 6.7 7.4 7.7 10.0 10.0 14.0
Vaughan Rd. SC-3 (214003) 214003 SC-02 4586 6.7 3.4 3.3 4.8 6.1 5.7 7.3 6.6 9.6 8.5 13.2
Silverdale Rd. SC-4 (S214004) 114004 SC-02 5828 3.8 1.7 2.5 2.4 4.2 2.8 4.7 3.2 6.0 4.1 8.1
tributary d/s of Canborough Rd. SC-5 (S214105) new node SC-03 5828 2.2 -- 1.7 -- 2.8 -- 3.1 -- 4.0 -- 5.2

u/s of Welland River Main Branch CWRT3-1 (200518) new node CWRT3-01 1660 6.0 -- 4.6 -- 7.8 -- 8.8 -- 11.0 -- 14.7
confluence of E&W tributaries CWRT3-3/CWRT3-2 (j2574) new node 4.0 -- 3.2 -- 5.3 -- 6.0 -- 7.5 -- 9.9
West tributary CWRT3-3(S200818) new node CWRT3-02 588 1.4 -- 1.2 -- 1.9 -- 2.2 -- 2.8 -- 3.7
East tributary CWRT3-2 (S200718) new node CWRT3-03 1199 2.6 -- 2.0 -- 3.4 -- 3.8 -- 4.8 -- 6.3

u/s of Welland River Main Branch CWRT2-1 (200118) new node CWRT2-01 996 7.0 -- 4.7 -- 7.9 -- 8.8 -- 10.7 -- 13.9
confluence with tributary near E.Chippewa Rd. CWRT2-3/CWRT2-2 (200210) new node 6.7 -- 4.7 -- 7.8 -- 8.7 -- 10.5 -- 13.7
tributary near E.Chippewa Rd. CWRT2-2 (S200320) new node 1.0 -- 0.9 -- 1.6 -- 1.8 -- 2.2 -- 2.9
u/s of tributary near E.Chippewa Rd. CWRT2-3 (200220) new node CWRT2-01 3707 5.6 -- 4.0 -- 6.5 -- 7.2 -- 8.8 -- 11.6
confluence of E&W tributaries d/s of Wiley Rd CWRT2-5/CWRT-4 (200218) new node 3.6 -- 2.6 -- 4.2 -- 4.8 -- 6.0 -- 8.0
West tributary d/s of Wiley Rd. CWRT2-5 (S100218) new node 1.1 -- 1.1 -- 1.9 -- 2.1 -- 2.6 -- 3.4
East tributary d/s of Wiley Rd. CWRT2-4 (S100318) new node CWRT2-01 4552 2.5 -- 1.7 -- 2.9 -- 3.2 -- 4.1 -- 5.4

u/s of Welland River Main Branch LFC-1 (213001) 213001 LFC-01 2876 13.4 3.8 4.7 4.8 7.5 5.4 8.3 6.0 10.7 7.1 14.6
Sideroad 26 LFC-2 (213002) 213002 LFC-01 6100 11.8 3.5 4.4 4.5 7.1 5.1 8.0 5.6 10.0 6.7 13.4
Robertson Rd. LFC-3 (213003) 213003 LFC-01 7110 8.6 2.7 4.2 3.6 7.1 4.0 8.1 4.5 10.2 5.4 13.7
confluence with tributary d/s of Henderson Rd. LFCT-1/LFC-3-1 (J2401) new node 7.6 -- 4.5 -- 7.6 -- 8.5 -- 10.7 -- 14.2
tributary d/s of Henderson Rd. LFCT-1 (S213101) new node LFC-02 1.8 -- 1.7 -- 2.7 -- 3.1 -- 3.8 -- 5.1
u/s of tributary d/s of Henderson Rd. LFC-3-1 (213102) new node LFC-03 1195 5.8 -- 3.2 -- 5.4 -- 6.1 -- 7.6 -- 10.2
Gracey Rd. LFC-4 (213004) 213004 LFC-03 2994 4.8 2.0 2.9 2.6 4.9 3.0 5.6 3.4 7.2 4.1 9.7
Wellandport Rd. LFC-5 (S113005) 113005 LFC-03 4182 2.8 1.5 1.8 2.0 3.0 2.4 3.4 2.7 4.3 3.5 5.8

u/s of Welland River Main Branch BWC-1 (200101) new node BWC-1 2901 3.1 -- 2.7 -- 4.5 -- 5.0 -- 6.3 -- 8.3
Elsie Rd. BWC-2 (S200102) new node 1.5 -- 1.4 -- 2.3 -- 2.6 -- 3.3 -- 4.4

u/s of Welland River Main Branch CWRT1-1 (S100014) 100014 CWRT1-01 2287 3.6 1.5 3.1 2.0 5.0 2.3 5.7 2.6 7.1 3.3 9.4

u/s of Welland River Main Branch BD2-1 (200011) 200011 BD2-01 1127 11.9 5.1 6.3 6.6 10.2 7.6 11.4 8.6 14.2 10.6 18.7
confluence of West and South tributaries BD2-3/BD2-2 (J2519) 100011 10.1 2.7 5.2 3.4 8.5 3.9 9.6 4.4 12.0 5.4 15.9
West tributary BD2-2 (S100012) new node BD2-02 3658 7.1 -- 3.7 -- 6.1 -- 6.9 -- 8.7 -- 11.5
South tributary BD2-3 (S220001) 220001 BD2-03 1511 2.9 3.1 2.9 4.3 4.7 5.0 5.3 5.7 6.5 7.1 8.6

u/s of Welland River Main Branch CC-1 (230001) 230001 CC-01 3715 40.7 13.8 13.8 19.5 22.3 23.4 25.0 27.2 31.5 36.1 44.0
confluence of Coyle Creek Main Branch and Branch 1/2 CC-11/CC-2 (J2415) 330011 38.6 13.2 16.5 18.7 26.3 22.5 29.0 26.2 35.3 35.0 48.4
Coyle Creek Main Branch u/s of Branch 1/2 CC-11 (230011) 230011 CC-05 3077 25.0 9.9 10.9 14.0 16.1 16.8 18.2 19.6 23.2 26.1 34.4
confluence of Coyle Creek Main Branch and Branch 3 CC-17/CC-12 (J2433) 330017 23.4 9.5 12.6 13.4 21.6 16.2 24.2 18.9 30.2 25.3 40.0
Coyle Creek Main Branch u/s of Branch 3 CC-17 (230017) 230017 CC-07 455 19.0 7.2 10.7 9.8 18.4 11.6 20.6 13.4 25.4 17.4 33.5

Coyle Creek

Beiderman Drain #2

Central Welland Tributary #4

Sucker Creek

Bridgewater Creek

Central Welland Tributary #1

Central Welland Tributary #2

Little Forks Creek

Central Welland Tributary #3



Drainage Area

HEC-HMS Ref.* MMM ('89)**
HEC-RAS 

Reach
HEC-RAS X-

Section#
(km2) MMM ('89)** CCL ('88)*** Aquafor ('10)* MMM ('89)** CCL ('88)*** Aquafor ('10)* CCL ('88)*** CCL ('88)*** Aquafor ('10)* MMM ('89)** CCL ('88)*** Aquafor ('10)* MMM ('89)** CCL ('88)*** Aquafor ('10)*

TABLE 4.6:

Peak Discharge (m3/s)
2-year 5-year 10-year 25-year

CENTRAL WELLAND RIVER - TRIBUTARIES
HYDROLOGIC MODEL RESULTS

Location

Flow Node HEC-RAS Model Ref.

100-year

confluence of Coyle Creek Main Branch and Branch 4 CC-31/CC-18 (J2422) 330031 18.9 7.0 10.7 9.7 18.6 11.5 20.7 13.2 25.6 17.2 33.7
Coyle Creek Main Branch u/s of Branch 4 CC-31 (230031) 230031 CC-13 1765 10.9 3.7 6.6 5.0 11.0 5.9 12.1 6.7 14.8 8.7 19.7
confluence of Branch 5 and Branch 6 CC-36/CC-32 (J2483) new node 9.9 -- 6.9 -- 10.9 -- 12.1 -- 14.7 -- 19.9
Branch 6 CC-36 (S230036) new node CC-14 3382 3.4 -- 2.0 -- 3.3 -- 3.8 -- 4.8 -- 6.4
Branch 5 upstream of Branch 6 CC-32 (330032) new node CC-15 1729 6.5 -- 5.0 -- 7.7 -- 8.4 -- 10.1 -- 13.6
confluence of E&W tributaries of Branch 5 CC-35/CC-33 (J2488) 330033 3.9 2.6 3.2 3.8 5.2 4.7 5.8 5.7 7.3 7.9 9.7
West tributary of Branch 5 CC-35 (S230035) 230035 CC-15 3968 2.6 1.9 2.1 2.7 3.4 3.2 3.8 3.8 4.8 5.0 6.3
East tributary of Branch 5 CC-33 (S230033) 230033 1.3 1.1 1.2 1.6 1.9 2.0 2.1 2.3 2.6 3.2 3.5
Branch 4 u/s of Main Branch CC-18 (230018) 230018 CC-08 1011 8.0 3.8 4.8 5.8 7.8 7.3 9.0 8.8 11.5 12.5 15.6
Branch 4 d/s of West tributary CC-26/CC-19 (j2390) 330026 7.7 3.8 4.8 5.8 8.1 7.4 9.2 8.9 11.7 12.8 15.8
West tributary of Branch 4 CC-26 (230026) 230026 CC-12 2117 3.5 2.3 2.2 3.4 3.8 4.2 4.3 5.0 5.4 6.9 7.3
West tributary of Branch 4 at Sumbler Rd. CC-29/CC-27 (J2452) 330029 1.8 1.8 1.2 2.9 2.1 3.8 2.3 4.6 3.0 6.9 4.0
tributary of West tributary of Branch 4 at Sumbler Rd. CC-29 (S230029) 230029 1.0 1.1 0.6 1.8 1.1 2.3 1.2 2.9 1.6 4.3 2.1
tributary of West tributary of Branch 4 at Sumbler Rd. CC-27 (S230027) 230027 0.8 0.7 0.6 1.2 1.0 1.6 1.1 1.9 1.4 3.0 2.0
u/s of the West tributary of Branch 4 CC-19 (230019) 230019 CC-09 510 4.3 1.5 2.6 2.5 4.4 3.3 5.0 4.2 6.4 6.4 8.5
confluence of the Central & East tributaries of Branch 4 CC-22/CC-20 (J2535) 330020 3.4 1.5 2.0 2.5 3.4 3.3 3.8 4.1 4.9 6.4 6.6
Central tributary u/s of East tributary of Branch 4 CC-22 (S230022) new node CC-10 664 1.3 -- 0.7 -- 1.2 -- 1.4 -- 1.8 -- 2.4
East tributary u/s of Central tributary of Branch 4 CC-20 (S230020) new node CC-11 1626 2.0 -- 1.3 -- 2.2 -- 2.5 -- 3.1 -- 4.2
Branch 3 u/s of Main Branch CC-12 (230012) 230012 CC-06 1146 4.3 2.3 2.3 3.7 3.9 4.7 4.4 5.9 5.7 9.7 7.7
Branch 3 at Chantler Rd. CC-13 (230013) 230013 CC-06 2264 3.8 2.3 1.9 3.7 3.3 4.9 3.8 6.1 4.9 7.8 6.5
Branch 3 at Sumbler Rd. CC-14 (230014) 230014 CC-06 3167 2.8 2.2 1.4 3.7 2.5 4.9 2.9 6.2 3.7 6.7 5.1
Branch 3 at confluence with tributary d/s of Foss Rd. CC-16/CC-15 (230016) 230016 2.5 2.1 1.3 3.6 2.3 4.9 2.6 6.3 3.4 6.5 4.6
tributary of Branch 3 d/s of Foss Rd. CC-16 (S130016) 130016 0.8 0.3 0.5 0.5 0.9 0.7 1.0 0.9 1.3 2.4 1.7
Branch 3 at u/s of tributary d/s of Foss Rd. CC-15 (230015) 230015 CC-06 4606 1.6 1.8 0.8 3.2 1.4 4.3 1.6 5.5 2.1 4.2 2.9
Branch 3 at confluence of E&W tributaries near Welland Rd. CC-38/CC-37 (J2498) 230037 1.1 1.6 0.6 2.8 1.0 3.9 1.1 5.0 1.4 3.3 2.0
West tributary of Branch 3 near Welland Rd. CC-38 (S130038) 130038 0.3 0.6 0.2 1.1 0.3 1.6 0.4 2.1 0.5 1.3 0.7
East tributary of Branch 3 near Welland Rd. CC-37 (S130037) 130037 0.8 1.0 0.4 1.8 0.7 2.4 0.7 3.1 1.0 2.2 1.4
Branch 1&2 u/s of Main Branch CC-2 (230002) 230002 CC-02 222 13.6 4.3 7.5 6.1 12.6 7.4 14.3 8.6 17.9 28.1 24.0
confluence of Branch 1&2 CC-8/CC-3 (J2606) 330003 13.6 4.2 7.5 6.1 12.7 7.4 14.3 8.6 17.9 28.1 24.0
Branch 2 u/s of Branch 1 CC-8 (230008) 230008 CC-04 2236 6.5 1.3 2.7 1.7 4.5 2.1 5.2 2.4 6.6 10.6 8.8
Branch 2 at Chantler Rd. CC-9 (230009) 230009 CC-04 3685 5.5 0.8 2.3 1.2 3.8 1.4 4.3 1.6 5.5 9.1 7.5
Branch 2 at Sumbler Rd. CC-10 (S130010) 130010 CC-04 7737 4.8 0.3 2.2 0.5 3.6 0.6 4.1 0.7 5.2 8.6 7.1
Branch 1 u/s of Branch 2 CC-3 (230003) 230003 CC-03 1760 7.1 3.2 4.8 4.9 8.1 6.0 9.1 7.2 11.4 19.1 15.2
Branch 1 at Chantler Rd. CC-4 (230004) 230004 CC-03 3116 4.9 2.5 3.3 3.9 5.5 4.9 6.2 5.9 7.7 12.9 10.4
Branch 1 at Sumbler Rd. CC-5 (230005) 230005 CC-03 3338 3.9 2.3 2.6 3.6 4.4 4.5 4.9 5.5 6.2 10.6 8.3
Branch 1 at confluence of E&W tributaries u/s of Sumbler Rd. CC-7/CC-6 (UserPoint43) 230006 3.7 2.1 2.8 3.4 4.5 4.3 5.1 5.2 6.3 11.0 8.5
West tributary of Branch 1 u/s of Sumbler Rd. CC-7 (S130007) 130007 CC-03 5409 3.0 1.5 2.2 2.4 3.5 3.0 4.0 3.7 5.0 8.5 6.6
East tributary of Branch 1 u/s of Sumbler Rd. CC-6 (S130006) 130006 0.7 0.7 0.6 1.0 1.0 1.3 1.2 1.6 1.5 2.9 1.9

u/s of Welland River Main Branch DRC-1 (229001) 229001 DRC-01 1415 8.9 8.4 9.3 8.1 12.7 14.8 13.3 16.1 18.6 14.9 19.7 22.4 18.5 28.3 31.0 24.2
confluence of East Branch and West Branch DRC-6/DRC-2 (J2516) 329006 8.5 7.4 8.0 11.4 13.1 14.7 14.7 18.2 18.3 28.2 23.9
West Branch u/s of East Branch DRC-6 (229006) 229006 DRC-03 948 3.5 0.9 2.3 2.4 1.3 4.4 4.2 1.6 5.5 4.8 1.8 6.7 6.1 9.1 9.3 8.1
West Branch at South Pelham St. DRC-7 (229007) 229007 DRC-03 2155 3.2 0.8 2.4 1.2 4.1 1.4 4.7 1.6 5.9 8.9 7.8
West Branch at Chantler Rd. DRC-8 (229008) 229008 DRC-03 3381 2.4 0.5 2.1 0.7 3.4 0.9 3.8 1.1 4.8 7.7 6.3
West Branch at Sumbler Rd. DRC-9  (S129009) 129009 DRC-03 3583 1.7 0.3 1.8 0.5 2.8 0.6 3.1 0.7 3.9 6.9 5.1
East Branch u/s of West Branch DRC-2 (229002) 229002 DRC-02 2439 5.0 6.5 4.6 6.0 10.3 7.5 9.3 13.4 9.5 10.3 16.8 11.6 12.5 20.0 16.0 16.1
East Branch at Fitch St. DRC-3 (229003) 229003 DRC-02 3805 4.1 6.3 5.0 10.3 7.8 13.6 8.6 17.4 10.4 16.9 13.4
East Branch at Thorold Rd. W. DRC-4 (229004) 229004 DRC-02 4109 2.9 5.3 4.0 3.6 9.0 6.2 5.6 12.2 7.9 6.2 15.8 9.6 7.5 13.3 13.4 9.7
East Branch at Foss Rd. DRC-5 (S129005) 129005 DRC-02 4946 1.8 2.9 0.8 2.4 5.3 1.3 3.6 7.6 1.6 3.9 10.4 1.8 4.8 8.9 4.5 6.1

* Aquafor Beech Ltd.  October 2010.  Note: Central Welland River Tributary design flow estimates based on 12-hour AES storm.

** Marshal Macklin Monaghan Ltd.  December 1989.  "Watershed Hydrology Study, Volume 4, Hydrologic Modelling".

*** Cumming Cockburn Ltd. 1988. "Canada-Ontario Flood Damage Reduction Study.  Watershed Flood Damage Assessment Study".

Drapers Creek



Drainage Area

HEC-HMS Ref.* MMM ('89)** (km2) MMM ('89)** Aquafor ('10)* MMM ('89)** Aquafor ('10)* MMM ('89)** Aquafor ('10)* MMM ('89)** Aquafor ('10)* MMM ('89)** Aquafor ('10)*

u/s of Welland Canal BD1-1 200003 18.2 1.6 3.0 2.7 4.8 3.5 5.9 4.5 7.7 7.1 10.5
confluence of North and South tributaries BD1-2/BD1-3 new node 16.3 -- 2.9 -- 4.7 -- 5.8 -- 7.5 -- 10.3
North tributary BD1-2 new node 4.7 -- 2.1 -- 3.3 -- 4.0 -- 5.2 -- 7.0
South tributary BD1-3 100004 11.6 1.4 1.4 2.4 2.3 3.3 2.9 4.2 3.9 6.6 5.5

u/s of Welland Canal TP-1 200007 5.0 2.0 3.2 2.8 5.1 3.2 6.2 3.7 7.9 4.8 10.5
at Niagara Street TP-2 100008 2.7 1.3 2.9 1.9 4.3 2.2 5.1 2.5 6.3 3.2 8.3

* Aquafor Beech Ltd.  October 2010.  Note: Central Welland River Tributary design flow estimates based on 12-hour AES storm.

** Marshal Macklin Monaghan Ltd.  December 1989.  "Watershed Hydrology Study, Volume 4, Hydrologic Modelling".

25-year

Beiderman Drain #1

Towpath Drain

100-year

TABLE 4.7:
WELLAND CANAL - TRIBUTARIES
HYDROLOGIC MODEL RESULTS

Location

Flow Node Peak Discharge (m3/s)
2-year 5-year 10-year
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o Black Ash Creek +5% 

o Parkers Creek -6% 

o Unnamed Creek West +8% 

o Unnamed Creek East +36% 

o Sucker Creek +1% 

o Little Forks Creek +13% 

o Coyle Creek +3% 

o Drapers Creek -17% 

 CN values were found to be 5% to 10% higher than the 1989 Study for most 

Tributary catchments, resulting in higher runoff volumes and rates; 

 The % impervious values were higher than the 1989 study.  For example, the 

impervious component in Drapers Creek increased from 32% in the 1989 study to 

37% in the current study.  The impervious components for most of the other Central 

Welland Tributaries to the west were also found to increase by approximately 1% to 

2%.  Higher impervious surface areas also contribute to higher runoff volumes and 

rates. 

 

To further assess the appropriateness of the modelled flow estimates, the flows were 

compared to flood flow rates document in a previous study on a “unit” flow basis.  In a 1991 

Study for Metro Toronto Region Conservation Authority, MacLaren Plansearch compiled the 

results from flood frequency analyses from several Ontario streamflow gauges and other 

background studies in terms of flow contribution per unit drainage area.  In doing so, the 

report provides a solid database of “typical” flood flow rates for streams with a variety of 

soils and landuse conditions to which other hydrologic model results can be compared.  The 

findings of the comparison are discussed below: 

 

 for the 2-year flood frequency, the unit flows from the Central Welland Tributaries 

HEC-HMS model were found to range from approximately 0.2 m3/s for larger 

drainage areas, up to approximately 1.3 m3/s for smaller drainage areas.  These values 

fall within the ranges reported in the 1991 MacLaren Plansearch study.  The 2-year 
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unit flows from this study were found to range from approximately 0.2 m3/s  up to 5 

m3/s for small, rural drainage areas. 

 for the 100-year flood frequency, the unit flows from the Central Welland Tributaries 

HEC-HMS model were found to range from approximately 0.8 m3/s for larger 

drainage areas, up to approximately 3.4 m3/s for smaller drainage areas.  These values 

also fall within the ranges reported in the 1991 MacLaren Plansearch study.  The 100-

year unit flows from this study were found to range from approximately 0.5 m3/s  up 

to 12 m3/s for small, rural drainage areas. 

 

Given the general agreement with the unit flows investigated above, and given the general 

agreement between the Main Branch model results at the Caistors Corners streamflow gauge 

(Table 4.4), the results from the HEC-HMS model for the Welland Tributaries were 

considered appropriate. 

 

Hydrologic model output for the HEC-HMS Tributaries model is provided in Appendix D. 

 

4.3.3 Tributary Hydraulic Modelling 

 

Hydraulic modelling for the Welland River Tributaries and Welland Canal Tributaries was 

undertaken using the U.S. Army Corps’ Hydraulic Engineering Center-River Analysis 

System (HEC-RAS) which computes water surface profiles using the standard step method 

and routines to analyze bridge and culvert structures. 

 

A base model was assembled using ArcGIS software and the NPCA digital elevation model 

(DEM).  This spatial data was used to defined channel cross-sections, stream centrelines, 

overbank locations, and roadway crossing overflow profiles.  The base model was then 

supplemented with hydraulic information gathered through field surveys.  

 

Topographic surveys were undertaken at all culvert and bridge crossing locations in order to 

collect hydraulic data, including opening dimensions, and invert elevations.  The results of 

the structure surveys are presented in the Structure Inventory Forms in Technical Appendix 
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E.  Stream “bank-full” channel dimensions were also inspected along various creek reaches 

and used to supplement the cross-sections of the base model.  

 

Once the setup was complete, the hydraulic model was applied to determine flood profiles 

over the tributaries.  The downstream starting water surface elevations for the Welland River 

Tributary profiles were set to the predicted 100-year flood elevations for the Main Branch of 

the Welland River at the confluence with the respective tributaries.  The flood profiles for the 

Main Branch were determined using the FLDWAV model, as discussed in Section 4.2.4. 

 

The Towpath Drain and Biederman Drain discharge to the Welland Canal, which is regulated 

by the St. Lawrence Seaway Authority.  For these canal tributaries, the average operational 

water level of the Welland Canal was utilized as the starting water surface elevation, namely:   

 

 Welland Canal elevation at Towpath Drain outlet:  173.2m; and 

 Welland Canal elevation at the Biederman Drain outlet:  173.63m 

 

Design flow estimates for the 2-year to 100-year storms, as determined from the hydrologic 

analysis (Section 4.3.2), were applied over the appropriate tributary reaches. 

 

The model was executed using the “mixed” flow regime option to analyze both subcritical 

and supercritical conditions.  Hydraulic model results for the tributaries, including profile 

plots and output tables, are presented in Appendix F. 

 

Following a review of preliminary model results and discussions with NPCA, the flood flows 

near the base of the Towpath Drain were adjusted to account for a significant spill of 

floodwaters out of the system.  Along this reach of the Towpath Drain, an undersized culvert 

at the downstream CNR crossing could potentially result in significant backwater affecting 

flood levels as far upstream as Quaker Road.  However, any such backwater would be 

relieved via a spill of floodwaters along the roadside ditch on the upstream (west) side of 

Highway 406, southward to the Welland Canal. 
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The hydraulic model cross-sections and weir profile at this location were setup to account for 

overflows through the ditch.  The downstream flood flow rates were then adjusted iteratively 

until the corresponding flood elevations at Highway 406 produced the same flow through the 

culvert as was assumed in the downstream reach.  The remainder of the total flood flow, 

represented by the weir flow in the model, spills via the ditch at Highway 406.  The resulting 

adjustments are summarized in Table 4.8. 

 

TABLE 4.8: 

TOWPATH DRAIN – FLOW ADJUSTMENTS FOR SPILL AT HIGHWAY 406 

 

Design Storm Total Peak Inflow Spill via Ditch Flow Through Hwy 406 
Culvert to downstream 

channel 

2-year 3.2 m3/s 0.3 m3/s 2.9 m3/s 

5-year 5.1 m3/s 1.5 m3/s 3.6 m3/s 

10-year 6.2 m3/s 2.3 m3/s 3.9 m3/s 

25-year 7.9 m3/s 3.8 m3/s 4.1 m3/s 

100-year 10.5 m3/s 6.1 m3/s 4.4 m3/s 
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5.0 Floodplain Mapping 
 

The 100-year Regulatory flood profiles from the Welland River Main Branch and Tributary 

hydraulic models were imported into ArcGIS using the HEC-GeoRAS extension.  The 100-

year flood profiles were then spatially rendered, plotted, and intersected with the Digital 

Elevation Model (DEM).  A resulting flood surface polygon was obtained and reviewed for 

accuracy.  These floodplain extents were then plotted, together with model cross-section 

locations and associated flood elevations, on 1:2,000 scale mapping, provided separately.   

 

It was noted, through review of the floodplain mapping, that some new urban development 

within the City of Welland is not reflected on the digital basemapping and DEM.  Therefore, 

following discussions with NPCA staff, the Regulatory floodlines were modified to reflect 

the new topography at these select locations.  The locations of these modifications are 

illustrated in Figure 5.1.  Scaled-down floodline map plots are provided in Appendix G. 

 

 

 





27 

6.0 Flood Risks 
 

Following completion of the modelling and mapping components of the study, a flood risk 

assessment was undertaken with the following objectives: 

 

 Estimation of the frequency of flooding of roadway / railway crossing structures (i.e. 

overtopping); and 

 Identification of areas where existing buildings may be susceptible to flooding. 

 

6.1 Flood Frequency of Roadways  

 

Hydraulic model results were reviewed to characterize the frequency at which the roadways 

are flooded.  Results are summarized in the attached Summary Table 6.1.  As shown, the 

hydraulic analysis suggests that some of the structures may be flooded relatively frequently.  

For some structures, this may be true due to their limited capacity.  However, in other cases, 

historic observations may suggest that flooding is much less frequent.  This may be due to: 

 

 the conservative nature of the modeling:  in many cases, the estimated upstream water 

elevations may be conservatively high since the hydrologic and hydraulic models do 

not account for storage behind the road crossings which could attenuate the incoming 

flows.  This, in turn, results in conservatively high backwater level estimates behind 

these structures.   

 

 capacity limitations at downstream structures:  for example, an undersized structure 

located just downstream may cause floodwaters to “backup” and partially submerge 

upstream structures. 

 

 capacity limitations within downstream channel reaches:  limited channel capacity 

may also result in high tailwater depths at upstream structures, thereby increasing the 

frequency of flooding. 



2 Year 5 Year 10 Year 25 Year 100 Year

Welland River - Main Branch
UWR-01 Wellandport Road, South of 

Canborough Road
68 Concrete Bridge              

57m W x 5.71m H 
77 102.0 113 121 139 10 year < Qcapacity < 25 year

CWR-08 Boyle Road, North of River Road 142 Concrete Bridge              
53.4m W x 6.21m H 

93 123.0 140 150 167 100 year < Qcapacity

CRW-06 Vineland Townline Road, North 
of River Road

79 Concrete Bridge              
50.9m W x 5.91m H 

93 124.0 141 152 169 100 year < Qcapacity

CRW-05 Railway, North of River Road 157 Concrete Bridge              
90m W x 13m H 

117 157.0 181 202 236 100 year < Qcapacity

CRW-04 O'Reilly's Road, South of River 
Road

78 Concrete Bridge              
38.9m W x 7.73m H 

117 157.0 181 202 234 25 year < Qcapacity < 100 year

CRW-02 Webber Road, East of Colbeck 
Drive

22 Concrete Bridge              
74.5m W x 5.92m H 

124 165.0 191 216 252 100 year < Qcapacity

CRW-01 Prince Charles Drive North, South 
of First Avenue

23 Concrete Bridge              
80.1m W x 6.98m H 

133 175.0 204 233 275 100 year < Qcapacity

CRW-01 Niagara Street, North of Mill 
Street

9 Concrete Bridge              
58m W x 5.14m H 

133 175.0 204 233 275 100 year < Qcapacity

CRW-01 Woodlawn Road 194 Concrete Bridge              
116m W x 8m H 

137 181.0 210 241 287 100 year < Qcapacity

CRW-01 Highway 406 193 Concrete Bridge              
130m W x 11m H 

137 181.0 210 241 287 100 year < Qcapacity

CRW-01 CNR 192 Concrete Bridge              
115m W x 12m H 

137 181.0 210 241 287 100 year < Qcapacity

Beaver Creek
BCW-10 Smithville Road, North of 

Bismark Road
140 Concrete Box Culvert        

2.45m W x 1.2m H
3 5.0 5.6 7.1 9.4 Qcapacity < 2 year

BCW-8 Bismark Road, West of Attercliffe 
Road

139 Concrete Box Culvert        
4.25m W x 1.5m H

4.9 8.3 9.4 12.1 16.4 2 year < Qcapacity < 5 year

BCW-8 Concession Three Road, West of 
Attercliffe Road

126 Concrete Box Culvert        
4.9m W x 1.6m H

4.9 8.3 9.4 12.1 16.4  100 year < Qcapacity

BCW-6 Caistor/Gainsborough Townline 
Road, South of Vaughan Road 101 Concrete Box Culvert        

7.3m W x 1.2m H
4.1 7.2 8.2 10.8 15.1 25 year < Qcapacity < 100 Year

BCW-5 Bismark Road, East of Attercliffe 
Road

120 Concrete Box Culvert        
1.8m W x 1.1m H

2.6 4.3 4.8 6.1 8.1 25 year < Qcapacity < 100 year

BCW-5 Vaughan Road, West of 
Attercliffe Road

122 Concrete Box Culvert        
1.9m W x 0.73m H

2.6 4.3 4.8 6.1 8.1 2 year < Qcapacity < 5 year

BCW-4 Railway, North of Elcho Road 159 Steel Arch                       
10.2m W x 4.3m H

5.7 9.9 11..2 14.6 20.1  100 year < Qcapacity

BCW-4 Port Davidson Road, North of 
Elcho Road

123 Concrete Bridge              
7.6m W x 2.66m H 

5.7 9.9 11.2 14.6 20.1 100 year < Qcapacity

BCW-4 Elcho Raod, East of Port 
Davidson Road

110 Concrete Box Culvert        
5.8m W x 2.3m H

5.7 9.9 11..2 14.6 20.1
 100 year < Qcapacity

BCW-4 Krick Road, South of Elcho Road 109 Concrete Box Culvert        
6.1m W x 2m H

5.7 9.9 11..2 14.6 20.1 25 year < Qcapacity < 100 year

BCW-3 Baldwin Road, North of 
Canborough Road

107 Concrete Bridge              
7.2m W x 2.1m H 

9.4 15.8 17.8 22.3 29.9 100 year < Qcapacity

BCW-2 Wellandport Road, North of 
Canborough Road

141 Concrete Bridge              
25m W x 4.63m H 

15.4 26.9 30.5 39 52.8 10 year < Qcapacity < 25 year

BCW-1 Canborough Road, West of 
Heaslip Road

93 Concrete Bridge              
12m W x 2.93m H 

15.2 27.6 31.9 41.6 57 100 year < Qcapacity

Black Creek
BAC-04 Concession Four Road, East of 

Joslin Road
102 Concrete Box Culvert        

4.5m W x 0.8m H
1.4 2.3 2.6 3.3 4.4 100 Year < Qcapacity

BAC-05 Concession Four Road, West of 
McCollum Road

103 Twin Steel Arch                    
1.3m W x 1m H

1.7 2.9 3.2 4.1 5.4 10 year < Qcapacity < 25 year

BAC-03 Bismark Road, West of Port 
Davidson Road

121 Concrete Box Culvert        
5.5m W x 1.7m H

1.9 3.4 4 5.4 8 100 Year < Qcapacity

BAC-03 Port Davidson Road, South of 
Bismark Road

116 Concrete Box Culvert        
5m W x 1.5m H

1.9 3.4 4 5.4 8 100 Year < Qcapacity

BAC-03 Railway, South of Bismark Road 158
Twin Concrete Box 

Culvert                        
6.2m W x 1.9m H

3 5.2 5.9 7.4 9.3 100 Year < Qcapacity

BAC-03 Vaughan Road, East of Port 
Davidson Road

115 Concrete Box Culvert        
5.5m W x 1.5m H

3 5.2 5.9 7.4 9.3 100 Year < Qcapacity

BAC-01 Krick Road, North of Elcho Road 117 Triple Concerte Pipe                       
1.0m Ø

4.1 7.2 8.4 10.9 14.6 2 year < Qcapacity < 5 year

BAC-01 Elcho Road, East of Kirck Road 119 Concrete Box Culvert        
6.1m W x 2m H

4.1 7.2 8.4 10.9 14.6 100 Year < Qcapacity

TABLE 6.1
Summary of Flood Frequency at Bridge/Culvert Structures

Structure ID Flood FrequencyCreek / 
Branch Structure Desciption Desgin Flow (m3)



2 Year 5 Year 10 Year 25 Year 100 Year

TABLE 6.1
Summary of Flood Frequency at Bridge/Culvert Structures

Structure ID Flood FrequencyCreek / 
Branch Structure Desciption Desgin Flow (m3)

Bridgewater Creek
BWC-01 Vineland Townline Road, South 

of River Road
40 Concrete Box Culvert        

2.15m W x 1.0m H
2.7 4.5 5 6.3 8.3 10 year < Qcapacity < 25 year

BWC-01 River Road, West of Gents Road 83 Concrete Box Culvert        
2.75m W x 1.0m H

2.7 4.5 5 6.3 8.3 2 Year < Qcapacity < 5 Year

Central Welland River - Tributary No. 1
CWRT1-01 Railway, South of Webber Road 156 CSP Pipe                       

1.25m Ø
3.1 5.0 5.7 7.1 9.4 10 year < Qcapacity < 25 year

CWRT1-01 Balfour Street, North of River 
Road

62 Twin Steel Arch                    
2m W x 1.55m H

3.1 5.0 5.7 7.1 9.4 Qcapacity < 2 Year

CWRT1-01 River Road, East of Balfour Street 95 Concrete Box Culvert        
2.3m W x 2.2m H

3.1 5.0 5.7 7.1 9.4 Qcapacity < 2 Year

Central Welland River - Tributary No. 2
CWRT2-01 Wiley Road, West of Vineland 

Townline Road
131 Steel Arch                    

2.05m W x 1.6m H
1.7 2.9 3.2 4.1 5.4 2 year < Qcapacity < 5 year

CWRT2-01 Wiley Road, West of Vineland 
Townline Road

132 Steel Arch                    
2.15m W x 1.6m H

1.7 2.9 3.2 4.1 5.4 Qcapacity < 2 year

CWRT2-01 Wiley Road, East of Sheddon 
Road

133 Steel Arch                    
2.1m W x 1.6m H

4 6.5 7.2 8.8 11.6 Qcapacity < 2 year

CWRT2-01 East Chippawa Road, West of 
Vineland Townline Road

89 Concrete Box Culvert        
3.65m W x 1.9m H

4.7 7.9 8.8 10.7 13.9 2 year < Qcapacity < 5 year

Central Welland River - Tributary No. 3
CWRT3-03 Boyle Road, South of Elcho Road 39 Twin Steel Arch                    

1.85m W x 1m H
2 3.4 3.8 4.8 6.3 100 year < Qcapacity

Central Welland River - Tributary No. 4
CWRT4-01 Elcho Road, East of Heaslip Road 125 Concrete Pipe                       

0.95m Ø
2.1 3.4 3.8 4.8 6.3 2 year < Qcapacity < 5 year

CWRT4-01 Canborough Road, East of 
Heaslip Road

128 Concrete Pipe                       
0.95m Ø

2.1 3.4 3.8 4.8 6.3 Qcapacity < 2 year

CWRT3-01 East Chippawa Road, East of 
Boyle Road

91 CSP Pipe                       
2.15m Ø

4.6 7.8 8.8 11 14.7 2 year < Qcapacity < 5 year

Coyle Creek
CC-14 Chantler Road, East of Vineland 

Townline Road
70 Steel Arch                    

1.75m W x 1.2m H
2 3.3 3.8 4.8 6.4 2 Year < Qcapacity < 5 Year

CC-14 Church Street, South of Chantler 
Road

85 Concrete Box Culvert        
3m W x 1.2m H

2 3.3 3.8 4.8 6.4 25 year < Qcapacity < 100 year

CC-14 Private Road, North of Webber 
Road

173 Twin Steel Arch                    
2.7m W x 1.9m H

2 3.3 3.8 4.8 6.4 100 year < Qcapacity 

CC-15 Church Street, North of Chantler 
Road

52 Twin Steel Arch                    
3m W x 1.2m H

2.1 3.4 3.8 4.8 6.3 10 year < Qcapacity < 25 year

CC-15 Chantler Road, East of Church 
Street

69 Twin Steel Arch                    
1.95m W x 1.2m H

2.1 3.4 3.8 4.8 6.3 25 year < Qcapacity < 100 year

CC-15 Railway, East of Church Street 154 Concrete Box Culvert        
2.3m W x 1.2m H

2.1 3.4 3.8 4.8 6.3 100 year < Qcapacity 

CC-13 Cream Street, North of Webber 
Road

73 Concrete Box Culvert        
5.5m W x 2.3m H

1.9 3.3 3.8 4.9 6.5 100 year < Qcapacity 

CC-12 Balfour Street, North of Chantler 71 Twin Steel Arch                    
2m W x 1.4m H

2.2 3.8 4.3 5.4 7.3 25 year < Qcapacity < 100 year

CC-12 Chantler Road, East of Balfour 
Street

33 Twin Steel Arch                    
2.4m W x 1.75m H

2.2 3.8 4.3 5.4 7.3 25 year < Qcapacity < 100 year

CC-10 Sumbler Road, West of Cream 
Street 77

Steel Arch                      
1m W x 0.8m H                       

Plastic Pipe                         
0.8m Ø

0.7 1.2 1.4 1.8 2.4 5 year < Qcapacity < 10 year

CC-11 Railway Abandoned, North of 
Sumbler Road

151 Cast Iron Pipe                         
0.8m Ø

1.3 2.2 2.5 3.1 4.2 10 year < Qcapacity < 25 year

CC-11 Sumbler Road, West of Centre 
Street

50 Steel Arch                    
1.8m W x 1.1m H

1.3 2.2 2.5 3.1 4.2 25 year < Qcapacity < 100 year

CC-11 Cream Street, North of Chantler 
Road

74 Concrete Box Culvert        
4.2m W x 1.2m H

1.3 2.2 2.5 3.1 4.2 100 year < Qcapacity

CC-09 Chantler Road, West of Cream 
Street

34 Twin Steel Arch                    
2m W x 1.5m H

2.6 4.4 5 6.4 8.5 10 year < Qcapacity < 25 year

CC-08 Cream Street, South of Chantler 72 Concrete Box Culvert        
3.75m W x 3.5m H

4.8 7.8 9 11.5 15.6 100 year < Qcapacity

CC-08 Private Road, North of Webber 
Road

174 Twin Steel Arch                    
2.1m W x 1.7m H

4.8 7.8 9 11.5 15.6 2 Year < Qcapacity < 5 Year

CC-07 Private Road, North of Webber 
Road

175 Twin Steel Arch                    
2.1m W x 1.5m H

10.7 18.4 20.6 25.4 33.5 2 Year < Qcapacity < 5 Year
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CC-07 Private Road, North of Webber 
Road

176 Twin Steel Arch                    
2.1m W x 1.7m H

10.7 18.4 20.6 25.4 33.5 Qcapacity < 2 year

CC-04 Welland Road, East of Centre 
Street

38 Twin Steel Pipe                         
0.9m Ø

2.2 3.6 4.1 5.2 7.1 2 Year < Qcapacity < 5 Year

CC-04 Foss Road, West of Effingham 
Street

65 Twin Steel Arch                    
2.2m W x 1.2m H

2.2 3.6 4.1 5.5 7.1 25 year < Qcapacity < 100 year

CC-04 Sumbler Road, East of Poth Street 49 Concrete Box Culvert        
2.45m W x 1.25m H

2.2 3.6 4.1 5.2 7.1 25 year < Qcapacity < 100 year

CC-04 Railway Abandoned, East of Poth 
Street

150 Twin Steel Arch                    
1.9m W x 1.3m H

2.3 3.8 4.3 5.5 7.5 10 year < Qcapacity < 25 year

CC-04 Chantler Road, East of Poth Street 37 Concrete Box Culvert        
2.3m W x 1.25m H

2.3 3.8 4.3 5.5 7.5 10 year < Qcapacity < 25 year

CC-04 Effingham Street, North of 
Webber Road

30 Twin Steel Pipe                         
1.65m Ø

2.7 4.5 5.2 6.6 8.8 100 year < Qcapacity 

CC-04 Webber Road, East of Effingham 
Street

76 Twin Steel Pipe                         
2.4m Ø

2.7 4.5 5.2 6.6 8.8 100 year < Qcapacity 

CC-06 Foss Road, East of Poth Street 63 Steel Arch                    
1.75m W x 0.9m H

0.8 1.4 1.6 2.1 2.9 100 year < Qcapacity

CC-06 Poth Street, North of Sumbler 
Road

51 Steel Arch                    
1.45m W x 0.9m H

0.8 1.4 1.6 2.1 2.9 10 year < Qcapacity < 25 year

CC-06 Sumbler Road, East of Centre 
Street

61 Steel Arch                    
1.85m W x 1.15m H

1.4 2.5 2.9 3.7 5.1 10 year < Qcapacity < 25 year

CC-06 Chantler Road, West of Poth 
Street

35 Steel Arch                    
1.85m W x 1.15m H

1.9 3.3 3.8 4.9 6.5 2 Year < Qcapacity < 5 Year

CC-05 Poth Street, North of Webber 
Road

60 Twin Steel Arch                    
4.4m W x 2.7m H

10.9 16.1 18.2 23.2 34.4 25 year < Qcapacity < 100 year

CC-05 Webber Road, East of Poth Street 31 Concrete Box Culvert        
6.6m W x 3.1m H

10.9 16.1 18.2 23.2 34.4 100 year < Qcapacity 

CC-05 Effingham Street, South of 
Webber Road

82 Twin Steel Arch                    
3.7m W x 2.2m H

10.9 16.1 18.2 23.2 34.4 100 year < Qcapacity

CC-03 Effingham Street, South of 
Welland Road

29 Twin Steel Pipe                         
0.6m Ø

2.2 3.5 4 5 6.6 Qcapacity < 2 year

CC-03 Foss Road, West of Effingham 
Street

64 Steel Arch                    
1.5m W x 0.9m H

2.2 3.5 4 5 6.6 2 Year < Qcapacity < 5 Year

CC-03 Effingham Street, North of 
Sumbler Road

84 Steel Arch                    
1.45m W x 1.85m H

2.2 3.5 4 5 6.6 2 Year < Qcapacity < 5 Year

CC-03 Sumbler Road, East of Effingham 
Street

43 Steel Arch                    
2.4m W x 1.7m H

2.6 4.4 4.9 6.2 8.3 25 year < Qcapacity < 100 year

CC-03 Chantler Road, East of Effingham 
Street

80 Twin Steel Arch                    
2.4m W x 1.5m H

3.3 5.5 6.2 7.7 10.4 2 Year < Qcapacity < 5 Year

CC-03 Railway Abandoned, South of 
Chantler Road

149 Concrete Box Culvert        
6.6m W x 3.1m H

4.8 8.1 9.1 11.4 15.2 100 year < Qcapacity

CC-03 Webber Road, West of Pihach 
Street

75 Twin Steel Pipe                         
1.8m Ø

4.8 8.1 9.1 11.4 15.2 100 year < Qcapacity

CC-01 South Pelham Road, North of 
Colbeck Drive

7 Concrete Bridge              
7.5m W x 3.4m H 

13.8 22.3 25 31.5 44 100 year < Qcapacity

CC-01 Colbeck Drive, South of Webber 
Road

19 Concrete Bridge              
6.7m W x 3.65m H 

13.8 22.3 25 31.5 44 5 year < Qcapacity < 10 year

Drapers Creek
DRC-02 Quaker Road, East of Haist Street 53 Twin Steel Pipe                         

1.5m Ø
2.4 3.6 3.9 4.8 6.1 100 year < Qcapacity 

DRC-02 Private Road, North of Webber 
Road

190 Steel Arch                    
2.1m W x 1.7m H

2.4 3.6 3.9 4.8 6.1 100 year < Qcapacity 

DRC-02 Foss Road, West of Pelham Street 41 Steel Pipe                         
1.65m Ø

2.4 3.6 3.9 4.8 6.1 25 year < Qcapacity < 100 year

DRC-02 Sumbler Road, West of South 
Pelham Road

2 Concrete Box Culvert        
1.8m W x 1.25m H

5 7.8 8.6 10.4 13.4 Qcapacity < 2 year

DRC-02 South Pelham Road, North of 
Thorold Road

20 Concrete Box Culvert        
3.5m W x 0.9m H

5 7.8 8.6 10.4 13.4 2 year < Qcapacity < 5 year

DRC-02 Thorold Road, East of South 
Pelham Road

14 Concrete Box Culvert        
3.1m W x 1.3m H

5 7.8 8.6 10.4 13.4 10 year < Qcapacity < 25 year

DRC-02 South Pelham Road, North of 
Chantler Road

147 Steel Arch                    
1.75m W x 1.5m H

6 9.3 10.3 12.5 16.1 2 year < Qcapacity < 5 year

DRC-02 Chantler Road, West of South 
Pelham Road

12 Steel Arch                    
2.3m W x 1.75m H

6 9.3 10.3 12.5 16.1 2 year < Qcapacity < 5 year

DRC-02 South Pelham Road, North of 
Fitch Street

8 Concrete Box Culvert        
3.1m W x 1.7m H

6 9.3 10.3 12.5 16.1 100 year < Qcapacity 

DRC-02 Fitch Street, East of South Pelham 
Road

13 Concrete Box Culvert        
3.65m W x 1.4m H

6 9.3 10.3 12.5 16.1 2 year < Qcapacity < 5 year

DRC-03 Sumbler Road, West of South 
Pelham Road

42 Steel Arch                    
1.6m W x 1.1m H

1.8 2.8 3.1 3.9 5.1 2 year < Qcapacity < 5 year
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DRC-03 Chantler Road, East of Murdock 
Road

44 Concrete Box Culvert        
3m W x 1.6m H

2.1 3.4 3.8 4.8 6.3 100 year < Qcapacity 

DRC-03 Murdock Road, South of Chantler 
Road

3 Twin Steel Pipe                         
0.6m Ø

2.4 4.1 4.7 5.9 7.8 Qcapacity < 2 year

DRC-03 South Pelham Road, North of 
Webber Road

21 Steel Arch                    
1.85m W x 1.15m H

2.4 4.1 4.7 5.9 7.8 2 year < Qcapacity < 5 year

DRC-01 Colbeck Drive, South of Endicott 
Terrace

146 Concrete Box Culvert        
4m W x 1.5m H

8.1 13.3 14.9 18.5 24.2 10 year < Qcapacity < 25 year

Little Forks Creek
LFC-03 Wellandport Road, North of 

Concession 6 Road
81 Concrete Box Culvert        

2.55m W x 1.5m H
1.8 3.0 3.4 4.3 5.8 100 year < Qcapacity 

LFC-03 Dochstadr Road, North of 
Concession 6 Road

58 Steel Arch                    
2.0m W x 1.6m H

2.9 4.9 5.6 7.2 9.7 2 year < Qcapacity < 5 year

LFC-03 Gracey Road, North of 
Concession 6 Road

59 Steel Arch                    
2.3m W x 1.8m H

2.9 4.9 5.6 7.2 9.7 10 year < Qcapacity < 25 year

LFC-03 Henderson Road, South of River 
Road

55 Steel Arch                    
3.2m W x 2.25m H

3.2 5.4 6.1 7.6 10.2 100 year < Qcapacity 

LFC-02 Henderson Road, North of 
Concession 6 Road

54 Steel Pipe                         
1.5m Ø

1.7 2.7 3.1 3.8 5.1 10 year < Qcapacity < 25 year

LFC-01 Robertson Road, North of 
Concession 6 Road

46 Steel Arch                    
3.3m W x 2.35m H

4.2 7.1 8.1 10.2 13.7 5 year < Qcapacity < 10 year

LFC-01 Private Road, North of Webber 
Road

191 Twin Steel Arch                    
2.1m W x 1.7m H

4.4 7.1 8 10 13.4 5 year < Qcapacity < 10 year

LFC-01 Kilts Road, North of Concession 
6 Road

47 Steel Arch                    
3.3m W x 2.25m H

4.4 7.1 8 10 13.4 10 year < Qcapacity < 25 year

LFC-01 Metler Road, North of Concession 
6 Road

57 Twin Steel Arch                    
2.5m W x 2.1m H

4.4 7.1 8 10 13.4 2 year < Qcapacity < 5 year

LFC-01 Traver Road, North of Concession 
6 Road

56 Concrete Box Culvert        
4.1m W x 2.6m H

4.4 7.1 8 10 13.4 2 year < Qcapacity < 5 year

LFC-01 Private Road, South of River 
Road

169 Twin Steel Pipe                         
1.5m Ø

4.7 7.5 8.3 10.7 14.6 Qcapacity < 2 year

LFC-01 Elsie Road, South of River Road 144 Steel Pipe                         
3.4m Ø

4.7 7.5 8.3 10.7 14.6 2 year < Qcapacity < 5 year

LFC-01 Farr Road, South of River Road 143 Concrete Box Culvert        
4.3m W x 3.1m H

4.7 7.5 8.3 10.7 14.6 Qcapacity < 2 year

LFC-01 River Road, East of Farr Road 100 Concrete Box Culvert        
4.3m W x 2.8m H

4.7 7.5 8.3 10.7 14.6 5 year < Qcapacity < 10 year

LFC-01 Private Road, North of River 
Road

168 Steel Arch                    
3.1m W x 1.5m H

4.7 7.5 8.3 10.7 14.6 Qcapacity < 2 year

Parkers Creek
PC-02 Bismark Road, West of Krick 

Road
98 Concrete Box Culvert        

3m W x 1.2m H
2.5 4.1 4.7 5.9 7.8 100 year < Qcapacity

PC-02 Krick Road, South of Bismark 137 Concrete Box Culvert        
3.7m W x 0.7m H

2.9 4.8 5.5 7 9.3 Qcapacity < 2 year

PC-01 Vaughan Road, East of Krick 
Road

114 Concrete Box Culvert        
5.5m W x 1.13m H

4.2 7.2 8.2 10.4 14.1 10 year < Qcapacity < 25 year

PC-01 Elcho Road, West of Boldwin 
Road

118 Concrete Box Culvert        
4.4m W x 1.8m H

3.9 6.7 7.7 9.9 13.5 5 year < Qcapacity < 10 year

PC-01 Baldwin Road, South of Elcho 
Road

106 Concrete Box Culvert        
3m W x 1.45m H

3.8 6.7 7.6 9.8 13.4 10 year < Qcapacity < 25 year

Sucker Creek
SC-03 Elcho Road, East of Gee Road 92 Steel Pipe                         

0.9m Ø
1.7 2.8 3.1 4 5.2 Qcapacity < 2 year

SC-03 Canborough Road, West of Gee 
Road

104 Steel Pipe                         
0.6m Ø

1.7 2.8 3.1 4 5.2 Qcapacity < 2 year

SC-02 Silverdale Road, North of 
Highway 20

108 Steel Arch                    
1.7m W x 1.1m H

2.5 4.2 4.7 6 8.1 2 year < Qcapacity < 5 year

SC-02 Highway 20, West of Gee Road 67 Concrete Box Culvert        
2.2m W x 0.7m H

3.3 6.1 7.3 9.6 13.2 2 year < Qcapacity < 5 year

SC-02 Vaughan Road, West of Gee 66 Steel Arch                    
1.95m W x 1.2m H

3.3 6.1 7.3 9.6 13.2 2 year < Qcapacity < 5 year

SC-02 Elcho Road, West of Gee Road 124 Triple Steel Arch                    
3.0m W x 1.2m H

3.5 6.2 7.4 10 14 5 year < Qcapacity < 10 year

SC-02 Canborough Road, East of Gee 
Road

97 Concrete Box Culvert        
3.0m W x 1.4m H

3.6 6.2 7.4 10 14.1 10 year < Qcapacity < 25 year

SC-01 East Chippawa Road, South of 
Canborough Road

90 Concrete Box Culvert        
3.6m W x 1.6m H

5.5 8.8 10.1 12.9 18.5 Qcapacity < 2 year

Unnamed Creek East
UCE-07 Vaughan Road, East of Highway 

57
86 Concrete Box Culvert        

1.85m W x 0.76m H
2.3 3.8 4.3 5.4 7.2 5 year < Qcapacity < 10 year
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UCE-06 Vaughan Road, East of Highway 
57

87 Concrete Box Culvert        
2.45m W x 1.05m H

2.4 4.1 4.6 5.8 7.8 25 year < Qcapacity < 100 year

UCE-02 Elcho Road, East of Collver Road 129 Steel Arch                    
3.0m W x 2.0m H

3.8 6.3 7.1 9 12 25 year < Qcapacity < 100 year

UCE-05  Private Road, North of Elcho 
Road

111 Steel Arch                    
1.65m W x 1.15m H

4.6 7.9 9 11.4 15.3 Qcapacity < 2 year

UCE-05 Elcho Road, East of Collver Road 130 Concrete Box Culvert        
3.65m W x 2.4m H

4.6 7.9 9 11.4 15.3 2 year < Qcapacity < 5 year

Unnamed Creek West
UWC-08 Bismark Road, West of Highway 

57
138 Concrete Box Culvert        

1.85m W x 1.13m H
1.6 2.7 3.1 3.9 5.2 25 year < Qcapacity < 100 year

UWC-04 Vaughan Road, East of Krick 
Road

113 Concrete Box Culvert        
5m W x 1.5m H

3.6 6.6 7.5 9.8 13.6 2 year < Qcapacity < 5 year

UCW-03 Wellandport Road, North of 
Vaughan Road

134 Concrete Box Culvert        
1.25m W x 0.89m H

2.9 4.7 5.3 6.7 8.8 5 year < Qcapacity < 10 year

UCW-03 Vaughan Road, West of Highway 
57

112 Concrete Box Culvert        
1.25m W x 0.84m H

2.9 4.7 5.3 6.7 8.8 Qcapacity < 2 year

UCW-02 Baldwin Road, South of 
Wellandport Road

94 Triple Steel Arch                    
1.5m W x 1.0m H

5.5 9.2 10.7 14.3 20.1 Qcapacity < 2 year

UCW-02 Elcho Road, West of Wellandport 
Road

105 Concrete Box Culvert        
3.7m W x 2.3m H

5.5 9.2 10.7 14.3 20.1 5 year < Qcapacity < 10 year

Tow Path Drain
TP1 Rice Road, North of Quaker Road 15 Twin Steel Pipe                         

0.6m Ø
2.9 4.3 5.1 6.3 8.3 Qcapacity < 2 year

TP1 First Avenue, North of Quaker 
Road

4 Steel Arch                    
1.87m W x 1.15m H

2.9 4.3 5.1 6.3 8.3 10 year < Qcapacity < 25 year

TP1 Niagara Street, North of Quaker 
Road

1 Concrete Box Culvert              
3m W x 1.08m H 

2.9 4.3 5.1 6.3 8.3 25 year < Qcapacity < 100 year

TP1 Private Road, East of Niagara 
Street

183 Concrete Pipe                         
1.15m Ø

3.2 5.1 6.2 7.9 10.5 2 year < Qcapacity < 5 year

TP1 Saint Lawrence Drive, North of 
Gretel Place

11 Concrete Box Culvert              
2.4m W x 0.92m H 

3.2 5.1 6.2 7.9 10.5 25 year < Qcapacity < 100 year

TP1 Hansler Road, North of Towpath 
Road

154 Steel Pipe                         
1.15m Ø

3.2 5.1 6.2 7.9 10.5 Qcapacity < 2 year

TP1 Grisdale Road, North of Towpath 
Road

185 Steel Pipe                         
1.5m Ø

3.2 5.1 6.2 7.9 10.5 2 year < Qcapacity < 5 year

TP1 Kottmeier Road, North of 
Towpath Road

186 Steel Pipe                         
1.9m Ø

3.2 5.1 6.2 7.9 10.5 2 year < Qcapacity < 5 year

TP1 Highway 406, East of Kottmeier 
Road

187 Concrete Box Culvert              
2m W x 1.25m H 

2.9* 3.6* 3.9* 4.1* 4.4* 100 year < Qcapacity *

TP1 Rail Road, East of Highway 406 188 Steel Pipe                         
1.5m Ø

2.9* 3.6* 3.9* 4.1* 4.4* 100 year < Qcapacity *

TP1 Private Road, West of Egerter 
Road

189 Steel Pipe                         
2.5m Ø

2.9* 3.6* 3.9* 4.1* 4.4* 100 year < Qcapacity *

Biederman Drain 1
BD1-3 Highway 58, South of 

Stonebridge Drive
28 Concrete Box Culvert        

1.8m W x 1.78m H
2.1 3.3 4 5.2 7 25 year < Qcapacity < 100 year

BD1-3 Stonebridge Drive, East of 
Highway 58

26 Concrete Box Culvert        
1.5m W x 3.7m H

2.1 3.3 4 5.2 7 100 year < Qcapacity

BD1-2 Highway 58, North of 
Stonebridge Drive

27 Concrete Box Culvert        
2.9m W x 1.81m H

1.4 2.3 2.9 3.9 5.5 100 year < Qcapacity

BD1-1 Private Road, West of Elm Street 182 Triple Steel Pipe                         
2.2m Ø

3 4.8 5.9 7.7 10.5 100 year < Qcapacity

BD1-1 Elm Street, North of Invertose 
Drive

25 Concrete Box Culvert        
5m W x 2.06m H

3 4.8 5.9 7.7 10.5 100 year < Qcapacity

BD1-1 Private Road, East of Elm Street 181 Twin Steel Pipe                         
2.2m Ø

3 4.8 5.9 7.7 10.5 100 year < Qcapacity

* Note - Flood flows applied to Tow Path Drain in hydraulic model were reduced to account for spill via ditch at Hwy 406.
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With respect to the Main Branch of the Welland River, the modelling results suggest that two 

bridge structures are susceptible to overtopping during the 100-year flood event: 

 

 Wellandport Road; and 

 O’Reilly’s Road 

 

All other bridge structures, as well as the Old Siphon and New Siphon structures, were found 

to have sufficient capacity to convey the 100-year flood flows. 

 

6.2 Assessment of Flood-Susceptible Buildings 

 

A cursory review of floodline mapping and air photos was completed to identify areas where 

buildings are potentially susceptible to flooding for the 100-year storm event.  In general, the 

majority of flood-susceptible buildings are located in two main zones within the study area: 

 

 Adjacent to Drapers Creek in the west end of the City of Welland. 

 Along the banks of the Main Branch of the Welland River, with the highest 

concentration of flood-susceptible buildings within the City of Welland and Town of 

Wellandport. 

  

In addition to the above, a number of other relatively isolated flood-susceptible buildings 

were also found along the Central Welland Tributaries throughout the rural portions of the 

study area. 

 

For the two areas with the highest concentration of flood-susceptible structures listed above, 

further investigation was undertaken to assess the potential flood relief benefits associated 

with structural improvements along the affected stream reaches. 
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Drapers Creek 

 

The highest concentration of flood-susceptible buildings within the Drapers Creek watershed 

is located along the east branch of the watercourse, from Chantler Road to just upstream of 

Sumbler Road.  Here, the stream flows in a southern direction adjacent to South Pelham 

Road via a series of driveway culverts, and also winds back and forth under the road via a 

series of roadway culverts.  The majority of the flood-susceptible buildings are also located 

along South Pelham Road.    

 

Flood depths at flood-susceptible buildings were reviewed together with backwater levels 

behind culvert structures to determine whether culvert replacements could potentially 

eliminate or reduce the flood damages.  In most cases, the depth of flooding during the 100-

year event is less than 0.5 metres for most of the flood-susceptible buildings. 

 

Review of Table 6.1 indicates that many of the roadway culvert structures along this reach 

have limited capacity, with the following structures predicted to flood as frequently as once 

in five years or less: 

 

 Chantler Road, west of S. Pelham Road. 

 S. Pelham Road, north of Chantler Road; 

 S. Pelham Road, north of Thorold Road; and; 

 Sumbler Road, west of S. Pelham Road. 

 

It should be noted that the hydraulic model did not include the private driveway culverts 

along this reach.  However, they too are assumed to have limited capacity and would likely 

be overtopped at least as frequently as the nearby roadway culverts. 

 

The effect of increasing these roadway culverts was investigated with the hydraulic model by 

roughly doubling the smaller culvert sizes along this reach.  The model results indicate that:  

 



30 

 the frequency of flooding would be reduced somewhat, however, the roadways would 

still be overtopped for the extreme storm events including the 100-year event; 

 flood depths for the 100-year storm would be reduced by roughly only 0.1m upstream 

of these improved culverts. 

 

Therefore, based on the above, culvert replacements alone offer only a limited flood relief 

benefit to the flood-susceptible properties along this reach.  Flood prevention and flood relief 

efforts should therefore also focus on: 

 

 restrictions to development / re-development within the floodplain;  

 capacity improvements to the channel itself through any future restoration works; 

 flood-proofing of individual structures where very shallow flood depths (i.e. 

approximately 0.3m or less) are predicted. 

 

Welland River Main Branch 

As noted in Section 6.1 above, most of the bridge structures along the Main Branch have 

sufficient capacity to convey the 100-year flood flows.  Only the Wellandport Road and 

O’Reilly’s Road bridge structures are susceptible to overtopping during the 100-year flood 

flow.  However, review of the flood profile indicates that neither of these structures causes 

significant backwater.  Therefore costly improvements or even complete bridge replacements 

at these locations would not be expected to result in any significant flood relief benefits. 

 

The hydraulic modelling work undertaken for the Main Branch also investigated the impacts 

of possible improvements to the Old Siphon structure.  Varying degrees of blockage were 

simulated at the Old Siphon.  Based on historical information, the structure is assumed to be 

currently operating with approximately 25% of its flow area blocked due to structural 

modifications and sedimentation.  The hydraulic modelling results are summarized in Table 

6.2.   
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Table 6.2:  Effect of blockage at the Old Siphon on the 100-Year Water Levels* 

Location 
All Tubes 

Clear 6th Tube Plugged 
25% 

Blockage** 50% Blockage 75% Blockage 

Water Surface Water Surface Water Surface Water Surface Water Surface 

Elevations Elevations Elevations Elevations Elevations 

m m m m m 

Church Road 177.79 177.80 177.80 177.81 177.82 
Aftercliffe Road 177.74 177.75 177.75 177.75 177.77 
Highway 63 (Port 
Davidson) 177.68 177.69 177.69 177.70 177.72 
Wellandport 176.77 176.78 176.78 176.81 176.94 
Boyle Road 176.07 176.07 176.09 176.14 176.36 
Becketts Bridge 176.03 176.03 176.04 176.10 176.33 
CN Railway 175.79 175.79 175.81 175.88 176.14 
O'Reilly's Bridge 175.26 175.27 175.29 175.37 175.70 
Lincoln St. 174.90 174.91 174.94 175.06 175.49 
Niagara Street 174.86 174.87 174.90 175.03 175.47 
Old Siphon 174.74 174.74 174.78 174.93 175.41 

* J. Perdikaris.  2010. 

** 25% Blockage assumed to represent existing conditions 

 

As shown, the results indicate that: 

 

 Complete removal of the assumed current 25% blockage would result in no more than 

a 0.1m decrease in the 100-year flood level upstream of the Old Siphon; 

 Even if the current blockage was 50% of the flow area, complete removal of the 

blockage would result in less than a 0.2m decrease in the 100-year flood level 

upstream of the Old Siphon; and 

 Even if the current blockage was 75% of the flow area, complete removal of the 

blockage would result in less than a 0.7m decrease in the 100-year flood level 

upstream of the Old Siphon. 

 

Based on the above findings, it was concluded that even with an unlimited amount of 

investment, structural improvements to the bridges and siphon structure would not 
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significantly reduce the flood levels along the Main Branch of the Central Welland River. 

Flood prevention and flood relief efforts should instead focus on: 

 

 restrictions to development / re-development within the floodplain; 

 flood warning; and  

 flood-proofing of individual structures where very shallow flood depths (i.e. 

approximately 0.3m or less) are predicted. 
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